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PART  III.  CONTINUED. 


CHAP.  VII. 

* 

OF  OTHER  INTERESTING  SUBJECTS  OF  THE  MINERAL 
KINGDOM,  VIZ.  OF  VOLCANOES  AND  EARTHQUAKES. 

The  natural  history  and  phenomena  of  volcanoes 
are  extremely  mysterious  and  difficult  to  be  ex- 
plained, because  we  cannot  descend  into  a volca- 
no to  examine  circumstances.  However,  in  a work 
of  this  nature,  upon  the  Mineral  Kingdom,  it  would 
be  unpardonable  to  pass  over  volcanoes  in  silence, 
without  communicating  some  of  my  thoughts  up- 
on this  subject ; and  I the  more  willingly  enter 
upon  this  task,  as  I am  in  hopes  of  being  able  to 
throw  out  some  observations  which  may  be  of  use, 
in  future,  to  mitigate  the  calamities  suffered  by  the 
miserable  inhabitants  of  volcanic  regions. 
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Volcanoes  will,  in  many  respects,  for  ever  re- 
main awfully  mysterious  at  the  same  time,  there 
are  several  circumstances'  relating  to  them,  which 
may  be  judged  of  by  analogy. 

It  is  more  than  probable,  that  the  inflammable 
matter,  which  at  first  was  the  cause,  and  continues 
to  be  the  fuel  of  volcanoes*  is  contained  in  veins 
which  cut  and  intersect  the  bowels  of  the  volcanic 
mountains  and  the  adjacent  plains;  and  I think  it 
may  be  suggested  as  equally  probable,  that  those 
veins  are  of  the  same  species  and  description  as 
mineral  veins,  in  which  useful  metals  aie  found  , 
and  if  this  be  allowed,  I imagine,  that  useful  dis- 
coveries may  be  made  for  the  iuture  safety  of 
the  inhabitants  of  volcanic  neighbourhoods ; and, 
therefore,  I will  suggest  a few  hints  for  that  pur- 
pose. 

There  are  two  kinds  of  mineral  veins,  which  art- 
known  to  trend  in  a pretty  straight  line  to  a con- 
siderable distance.  Many  of  these  veins  have  been 
traced  for  several  miles.  The  one  of  these  is  the 
perpendicular  mineral  fissure,  called  by  some  mi- 
ners a rake  vein,  and  the  other  is  lYitflat  01  dilated 
vein.  Rake  veins  are  found  to  cut  the  strata  in  a 
diroction  nearly  south  and  north,  and  east  and 
west.  I say  nearly,  for  the  bearing  of  the  veins  is 
to  the  east  of  north  and  to  the  west  of  south ; but 
the  south  and  north  veins  are  commonly  found  to 
C„Z  ,1,.  greatest  guanlta  of  metallic  ore. 
The  flat  dilated  veins  do  not  cut  the  strata  at  all. 
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but  are  found  between  two  particular  beds  of  stone* 
one  of  which  is  immediately  above,  and  the  other 
immediately  below  the  vein ; and  the  vein  is  con- 
tained in  the  space  betwixt  these  two  layers  or 
beds  of  stone ; of  consequence,  the  bearing  of  the 
Hat  vein  is  the  same  as  the  bearing  of  the  strata 
which,  in  European  latitudes,  is  less  or  more  to 
the  east  of  north  and  west  of  south.  Many  of 
the  rake  veins  are  commonly  very  narrow  or  close 
near  the  superficies  of  the  strata.  I have  often 
seen  them  so  narrow  for  two  or  three  hundred  feet 
below  the  surface,  that  the  sides  of  the  veins  would 
not  open  above  three  or  four  inches  asunder  in  all 
that  depth;  and  yet,  nevertheless,  they  would 
gradually  open  further  down,  to  the  wideness,  not 
only  of  several  feet,  but  of  several  yards  ; and  it 
is  generally  in  these  wide  concavities  of  the  veins 
that  the  greatest  bodies  of  metallic  ores  are  found ; 
and  very  probably  it  is  in  such  receptacles  that  the 
greatest  quantiti  s of  volcanic  fuel  are  lodged. 

The  flat  veins  found  between  the  strata  are  not 
to  be  investigated  upon  the  same  principles  as  the 
rake  veins ; nevertheless,  these  also  are  frequently 
very  straight  or  close  near  the  superficies  of  the 
strata.  The  space  between  the  two  strata  which 
constitute  the  upper  and  nether  side,  or  roof  and 
sole  (as  they  may  be  called),  of  this  vein,  is  sel- 
dom regular  or  equidistant.  In  some  places  they 
come  close  together,  and  continue  so  for  a less  or 
greater  space  ; and  in  other  places  or  parts  of  the 
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same  vein,  they  open  asunder,  and  form  enormous, 
cavities,  which  frequently  trend  in  a horizontal 
direction ; and  the  direction  or  bearing  of  such 
cavities  is  generally  north  and  south,  or  between 
that  and  the  collateral  points  of  north-east  and 
south-west. 

The  east  and  west  rake  veins  intersect  those 
which  trend  from  south  to  north,  nearly  at  right 
angles;  and  they  cut  the  strata  in  aline  nearly 
right  across  the  bearing,  and  parallel  to  the  decli- 
vity or  slope.  The  Hat  veins  situated  between 
the  strata  likewise  open  into  cavities  from  west  to 
east : That  is,  besides  the  cavities  in  the  flat  veins 
mentioned  above,  which  run  parallel  to  the  bear- 
ing of  the  strata,  there  are  also  found  in  them  ca- 
vities which  run  at  right  angles  across  the  other, 
in  a line  nearly  front  west  to  east,  which  comes  to 
be  parallel  to  the  line  of  declivity  of  the  strata  ; 
and  as  that  is  the  case,  it  is  easy  to  conceive,  that 
the  one  end  of  these  last  mentioned  cavities  points 
up  toward  the  surface,  and  the  other  end  points 
slanting  downwards  into  the  body  of  the  earth, 
with  a degree  of  slope  exactly  equal  to  the  decli- 
vity of  the  strata  in  that  particular  place.  From 
what  has  been  said  concerning  the  east  and  west 
cavities  of  the  dilated  veins,  it  will  clearly  ap- 
pear, that  the  east  end  of  each  oi  these  cavities 
gradually  dips  down  under  more  and  moie  co\er, 
until  at  last  it  arrives  under  a prodigious  weight 
and  strength  of  the  incumbent  strata,  even  to  ma- 
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Tiy  hundred  fathoms  perpendicular  of  solid  rock. 
There  are  found  some  rake  veins  running  in  colla- 
teral lines  between  the  two  lines  abovementioned ; 
but  as  these  are  only  inferior  strings,  brandling  off 
from  the  capital  south  and  north  and  east  and 
west  veins,  they  only  continue  their  course  or 
line  of  bearing  to  a short  distance  from  the  veins 
from  which  they  branch  out,  and  then  they  come 
to  nothing ; that  is,  the  sides  of  this  string,  which 
for  a while  cut  the  strata  in  an  oblique  or  diagonal 
direction,  come  close  together  at  a short  distance 
from  the  capital  vein,  and  at  last  end  in  a mere 
crack  in  the  strata ; and  a little  further  forward 
the  strata  are  found  solid,  without  the  least  symp- 
tom of  any  vein  in  the  line  of  bearing. 

From  this  sketch  of  the  history  of  mineral 
veins,  it  appears  to  me  very  evident,  that  the 
greatest  quantities  of  volcanic  fuel  is  lodged 
within  the  solid  superficies  of  the  earth,  in  veins 
and  receptacles  which  have  nearly  a north  and 
south  bearing,  from  the  mountain  or  other  place 
where#  the  volcanic  fire  first  broke  out ; and 
that  the  volcanic  fire,  and  consequent  excava- 
tions, will  advance  below  ground  in  the  same  di- 
rection. Now,  if  this  is  found  to  be  true,  we  shall 
be  enabled  to  lay  down  such  cautions  and  rules, 
as  will  be  of  general  utility  for  the  safety  of  the 
inhabitants  in  the  neighbourhood  of  volcanoes. 
I write  only  from  my  own  observation,  and  real 
knowledge  of  the  interior  structure  of  the  super- 
ficies of  our  globe ; and  from  my  knowledge  of 
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the  structure,  disposition,  and  bearing  of  the 
strata  of  rocks,  of  which  the  superficies  of  the  globe 
in  all  parts  of  the  world  is  composed,  it  appears  to 
me,  that  the  bearing  of  the  strata  in  the  island 
of  Sicily,  which  suffers  so  much  from  volcanoes, 
should  be  nearly  in  a line  from  S.  S.  W.  to 
N.  N.  E.  and  consequently,  that  the  bearing  of 
the  veins  which  contain  the  volcanic  fuel  should 
trend  nearly  in  the  same  line  of  direction ; and  I 
think,  that  Messina,  and  those  parts  of  Calabria 
■which  suffer  so  much  from  earthquakes,  are  pretty 
much  in  this  line. 

If,  upon  examination  of  circumstances  upon 
the  spot,  it  is  found,  that  the  site  of  Messina, 
is  nearly  upon  this  point  of  the  compass  from 
Mount  iEtna,  or  any  where  between  the  cardinal 
point  north  and  the  collateral  point  north-east, 
and  that  the  volcanic  regions  of  Calabria  are  in 
the  same  line,  that  is,  nearly  N.  N.  E.  from 
iEtna,  it  may  be  concluded,  that  my  observations 
are  founded  in  truth,  and  that  there  is  no  safe 
ground  for  founding  a city,  town,  or  harbour,  any 
where  near  that  line. 

There  are  certain  classes  or  arrangements  of 
strata,  of  particular  characters  and  qualities,  which 
accompany  one  another  in  longitudinal  districts 
upon  the  face  of  our  globe.  These  arrangements 
of  concomitant  strata  are  found  in  patches  of  lesser 
and  greater  dimensions ; but  generally  extending 
further  in  the  line  of  bearing  than  in  the  line 
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which  crosses  the  strata.  In  some  oi  these  distin- 
guishable classes  of  strata,  seams  of  pit-coal  are 
most  frequently  found,  others  produce  the  greatest 
number  of  lead  and  copper  mines,  &c.  and  it  is 
highly  probable,  that  there  are  certain  arrange- 
ments of  co-natural  strata,  in  wlnco.  the  greatest 
quantities  of  volcanic  fuel  is  lodged. 

If  it  be  judged,  that  the  hints  which  -I  suggest 
upon  this  subject  come  near  the  truth,  let  the  in- 
telligent naturalist  traverse  .the  neighbourhood  of 
Mount  JEfcna,  and  between  .that  mountain  and 
Messina,  and  let  him  examine  the  nature,  colour, 
and  quality  of  the  several  strata  in  that  line,  and 
likewise  in  the  continuation  of  the  same  line  into 
the  volcanic  regions  of  Calabria.  I suppose  that 
much  of  the  surface  of  the  ground  near  iEtna  is 
covered  with  lava,  ashes,  and  other  rubbish,  where 
the  strata  cannot  be  seen ; however,  he  will  see 
them  in  several  places  in  that  line,  and  especially 
upon  the  shores  of  Sicily  and  Calabria.  When  he 
has  satisfied  himself  with  respect  to  the  quality 
and  characters  of  the  prevailing  strata  in  that 
line,  then  let  him  examine  the  strata,  either  in- 
land or  along  the  shores  of  the  Mediterranean 
Sea,  wherever  he  can  best  see  them  in  a line  from 
west  to  east,  right  across  the  bearing  of  the  strata, 
which  we  have  supposed  to  he  about  N.  N.  E. 
.and  S.  S.  W.  and  when  he  meets  with  an  ar- 
rangement of  strata,  or  rocks  of  a quite  different 
quality  and  colour,  &c.  from  those  found  in  the 
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volcanic  line,  he  may  conclude,  that  he  is  in  a 
place  of  safety  for  the  foundation  of  a city  or 
harbour,  &c.  especially  if  he  be  far  enough  east 
or  west  from  the  line  of  the  supposed  range  of  the 
volcanic  strata.  The  principal  crater  on  the 
summit  of  Mount  JK tna  may  be  supposed  to  be 
the  centre  of  the  volcanic  ground,  though  that  is 
a little  uncertain,  as  we  cannot  positively  deter- 
mine whether  the  veins  and  excavations  of  that 
mountain  at  great  depths  have  advanced  farthest 
towards  the  east  or  west : Perhaps,  however,  we 
can  fix  upon  no  better  point  than  the  great  crater, 
from  whence  to  draw  the  line  towards  Messina 
and  Calabria.  If  the  superficies  of  the  srata  a- 
bout  the  foot  of  the  mountain  could  be  seen,  the 
naturalist  might  guess  pretty  nearly  what  is  the 
breadth  of  the  volcanic  ground  in  the  island  of 
Sicily ; but  as  I suppose  he  cannot  see  the  strata 
about  the  mountain,  he  must  be  the  more  careful 
to  investigate  circumstances  upon  the  sea  shores, 
the  banks  of  rivers,  and  other  places  near  Mes- 
sina and  in  Calabria,  where  the  superficies  of  the 
strata  is  to  be  seen  ; and  when  the  best  judges  of 
these  matters  have  acquired  sufficient  degrees 
of  knowledge  of  the  distinguishable  characteristic 
qualities  of  the  strata  of  the  volcanic  region,  to 
be  enabled  to  form  a safe  and  prudent  plan  for 
the  site  of  sea-ports  and  cities,  far  enough  from 
dangerous  ground,  then  let  Messina,  and  all  the 
regions  in  Sicily  and  Calabria  which  have  suffered 
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from  earthquakes  and  volcanic  eruptions,  be  aban- 
doned by  the  generality  of  the  people,  and  adapt- 
ed to  husbandry  only,  which  requires  but  few 
people,  who  can  easily  remove  for  a while  in 
time  of  danger  to  places  of  safety ; that  is,  to  fly 
off  the  line  of  the  volcanic  ground  to  places 
which  suffer  least  from  these  calamities.  It  is  pre- 
sumptuous, and  in  a high  degree  dangerous,  to 
think  of  living  in  Messina,  or  any  other  of  Vhe 
towns  or  harbours  in  Sicily  or  Calabria,  which 
have  recently,  or  at  any  former  period,  suffered  by 
earthquakes  and  eruptions ; because  the  same 
places  are  in  continual  danger  of  suffering  the 
same  over  and  over  again  ; and  every  succeeding 
shock  should  be  worse  or  more  dangerous  than 
the  former,  because  the  rocky  crust  which  lies 
above  the  volcanic  excavations,  and  under  such 
town,  harbour,  or  other  place,  is  greatly  weakened 
by  being  shaken,  rent,  and  shattered  with  farmer 
shocks;  and  there  are  only  two  chances  in  nature 
that  can  ever  make  those  places  safe  for  the  habi- 
tation of  man.  The  one  of  these  chances  rests 
upon  the  supposition,  that  the  whole  magazine  of 
volcanic  fuel  in  that  region  may  be  entirely  ex- 
hausted, of  which  we  can  say  nothing,  as  wre  can- 
not survey  those  magazines  to  enable  us  to  judge 
of  theii  extent  and  duration.  The  other  chance 
is,  that  an  earthquake  or  volcanic  eruption  should 
open  such  a breach  in  the  bed  of  the  sea,  as  to 
make  room  for  the  ocean  to  rush  down  in  such  a 
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yast  body  as  suddenly  to  fill  up  the  excavated  re« 
ceptacles  of  the  volcano,  which  must  soon  extin- 
guish it  altogether : but  both  these  chances  are 
too  distant  and  uncertain  ever  to  be  trusted.  It 
must  happen,  that  several  repeated  volcanic  con- 
cussions dry  up  many  springs  and  rivulets,  by 
which  a great  quantity  of  water  is  let  down  into 
the  excavations  of  the  volcano ; but  such  compa- 
ratively small  quantities  of  water  have  a direct 
tendency  to  aggravate  the  evil,  and  to  make  the 
volcano  ten  times  more  dreadful  and  mischievous, 
as  every  drop  of  that  wTater  is  evaporated  and  re- 
duced to  highly  ratified  steam  by  the  prodigious 
heat  of  the  volcano.  The  experience  of  the  steam 
engine  enables  us  to  form  some  idea  of  the  prodi- 
gious force  of  steam,  when  it  is  greatly  heated 
and  confined. 

When  a copious  stream  of  the  atmosphere  gets 
access  into  a volcano,  and  by  its  density  and 
weight  rushes  into  the  remote  excavations,  and 
gets  under  or  behind  extensive  clouds  of  steam, 
the  consequences  must  then  be  dreadful.  The 
expansion  of  the  steam,  before  the  external  air  is 
so  copiously  admitted,  fills  all  the  volcanic  spaces; 
but  the  coolness  of  the  air  in  part  condenses  the 
steam,  which  makes  room  for  still  greater  quanti- 
ties of  air  to  rush  in;  but  when  the  steam  is  again 
fully  expanded,  and  the  admitted  air  highly  ra- 
tified by  the  excessive  heat  of  the  volcano,  the 
united  force  of  both  is  sufficient  to  convulse  the 
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whole  globe,  and  to  rend  asunder  the  strongest 
bars  of  the  earth,  if  it  find  not  a thin  enough 
crust  of  rock  through  which  to  burst  a passage. 
What  are  the  explosions  of  gun-powder,  and  any 
force  of  steam  which  we  can  bring  to  act,  but 
trifling  experiments,  and  childrens  play,  in  com- 
parison of  these  mighty  operations  and  effects  1 
It  is  only  in  the  volcano  that  they  act  like  the  great 
works  of  nature.  When  sufficient  quantities  of 
these  powerful  agents  get  behind  melted  and  un- 
melted matter  within  the  receptacles  of  the  vol- 
cano, and  are  fully  rarified,  when  the  explosion 
happens,  if  the  vent  be  wide  enough,  it  will  drive 
out  every  thing  before  it  through  the  mouth  of 
the  crater:  But  if  the  passage  be  too  straight,  or 
be  obstructed  py  falls  of  the  rock  within,  by  con- 
gealed lava  or  otherwise,  in  that  case  it  must  and 
will  burst  up  the  rock,  and  make  a new  vent  or 
passage. 

From  all  these  considerations,  when  viewed 
jointly  and  separately,  there  appears  no  place  of 
permanent  safety  within  the  line  and  limits  of  the 
volcanic  fuel,  which  I wish  to  be  able  to  point 
out,  and  which  I hope  will  in  time  be  found  and 
understood  ; and  as  there  is  no  permanent  safe- 
ty, neither  is  there  any  possibility  of  knowing 
when  or ; where  the  earth  may  be  convulsed  and 
rent  again  and  again  within  the  old  volcanic  li- 
mits ; nor  is  it  easy  to  judge  how  far  the  subter- 
ranean fires  may  advance  in  the  line  of  bearing, 
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which  we  have  supposed  to  be  in  Sicily  and  Cala- 
bria about  N.  N.  E.  and  S.  S.  W. 

These  hints,  which  are  well  intended,  are  found- 
ed either  in  experience  or  upon  solid  principles ; 
and,  therefore,  they  deserve  to  be  seriously  and 
thoroughly  investigated ; and,  perhaps,  being- 
thrown  out  by  a plain  practical  map,  may  be  the 
means  of  suggesting  to  naturalists  such  further 
discoveries  and  improvements  as  will  conduce  to 
the  safety  of  the  inhabitants  of  volcanic  countries. 
For  if  proper  rules  can  be  laid  down  for  the  safe- 
ty of  one  country  that  is  disturbed  by  volcanoes, 
it  is  to  be  supposed,  that  the  same  rules  will  hold 
good  every  where,  making  proper  allowances  for 
the  different  bearings  of  the  strata  in  different  la- 
titudes, Now,  the  bearing  of  the  strata  at  the 
equator  must  be  true  south  and  north  ; and  as  we 
recede  from  tfye  equatorial  regions  towards  the 
northern  tropic,  the  bearing  of  the  strata  inclines 
gradually  towards  the  east  of  north  ; and  as  we  ad- 
vance from  the  tropics  towards  the  notth-pole,  the 
bearing  of  the  strata  inclines  gradually  more  and 
more,  until  at  last  it  comes  to  be  porth-east.  The 
strata  trend  gradually  towards  the  east  to  the  south 
of  the  equator  in  like  manner  as  to  the  north. 

It  may  be  proper  to  observe  here,  that,  in  some 
particular  circumstances,  the  strata  in  a small 
spot  or  district  may,  and  do,  vary  and  deviate 
from  the  true  general  line  of  bearing;  as,  for  in- 
stance, when  the  strata  lie  in  the  horizontal  posi- 
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tion,  they  are  in  that  case  found  to  wave  up  and 
down,  and  to  dip  this  way  and  that ; and  while 
they  continue  thus  to  wave  up  and  down,  they 
acquire  many  different  bearings  and  slopes,  fre- 
quently towards  all  points  of  the  compass.  But 
this  accident  is  not  of  any  great  continuance  : It 
only  happens  upon  a small  scale,  and  in  a small 
district,  but  does  not  in  general  affect  or  alter  the 
true  line  of  bearing. 

By  these  inquiries  and  investigations,  natura- 
lists may  become  the  ministers  of  health  and  safe- 
ty to  numbers  of  mankind.  And  how  can  they  at- 
tain greater  honour  or  happiness  ! And  what  sig- 
nifies the  idle  selfish  pomp  of  learning  and  know- 
ledge, if  it  be  not  exerted  for  the  good  of  the 
world  ? 

I will  add,  in  this  place,  a strong  argument  to 
enforce  the  examination  of  this  subject,  which  is 
this : We  find,  in  experience,  that  the  Almighty 
seldom  or  never  sends  a great  calamity  to  scourge 
the  children  of  men,  but  he  also,  at  the  same 
time,  points  out,  or  puts  in  our  powTer,  an  anti- 
dote or  means  which  wisdom  and  caution  may  lay 
hold  of,  and  use  to  mitigate  the  severity  or  ex- 
treme rigour  of  such  calamity. 

A great  many  examples  of  this  might  be  given 
to  show,  that  the  all- wise  Governor  of  the  world, 
m the  midst  of  judgment,  remembers  mercy,  and 
puts  the  means  of  deliverance  or  of  mitigation  in 
the  power  of  prudence  and  exertion  ; but  I will 
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only  point  at  one  instance,  viz.  the.  small-pox,  ai 
one  of  the  severest  scourges  of  the  human  race. 

In  some  countries  it  sweeps  away  whole  tribes 
at  once,  and  in  almost  all  places,  prodigious  num- 
bers are  destroyed  by  this  loathsome  malady  ; but 
now,  and  even  long  ago,  Providence  pointed  out 
inoculation,  as  not  only  a happy  means  of  miti- 
gating the  rigorous  and  destructive  severity  of  this 
dreadful  malady,  but  in  a great  measure  as  a per- 
fect antidote ; for  many  physicians  in  Britain 
have  inoculated  thousands  without  hardly  losing 
one,  and  almost  without  leaving  a single  mark  of 
their  patient’s  ever  having  had  the  small-pox  ; 
whereas  the  few  who  escape  life,  when  smitten 
in  the  natural  way,  without  being  inoculated,  find 
blindness  and  deformity  are  but  too  commonly 
entailed  upon  them  as  long  as  they  live. 

It  ivas  a long  time  before  inoculation  prevailed 
among  us  in  all  parts  of  Britain.  It  is  to  be  wished, 
that  now,  when  philosophy  and  science  have  ar- 
rived at  such  degrees  of  perfection  in  Europe,  and 
that  earthquakes  and  volcanic  eruptions  have  be- 
come so  common,  and  so  destructive  in  many 
parts  of  the  world,  that  proper  means  to  mitigate 
and  to  shun  the  dismal  effects  of  this  calamitous 
scourge  could  be  found  out,  and  sure  rules  formed 
for  the  future  safety  of  the  inhabitants  of  those 
countries.  I think  this  attainment  not  only  pos- 
sible, but  also  practicable  ; and  this  persuasion  is 
not  only  founded  upon  a fervent  desire  that  the 
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above  hints  may  answer  the  design  for  which  they 
are  written,  but  is  also  founded  upon  the  equal i 
wise,  and  benevolent  providence  of  God,  who  ne- 
ver sends  a scourge,  and  permits  a severe  evil  to 
visit  mankind,  but  he  also  sends  the  means  o; 
escaping,  or  at  least  of  mitigating  that  evil. 

It  is  said,  that  necessity  is  the  mother  of  inven- 
tion ; and  I hope  that  the  great  and  pressing  ne- 
cessity of  this  case  will  prompt  those  who  are 
chiefly  concerned  to  attempt  the  remedy,  or  at 
least  the  mitigation  of  this  great  evil ; and  there 
appears  to  me  no  sure  remedy  in  nature,  or,  in 
other  wTords,  no  sure  means  of  mitigating  this  evil 
effectually,  but  for  the  bulk  of  the  inhabitants 
of  such  countries  to  shun  the  line  of  volcanic 
ground,  and  to  leave  those  dangerous  situations, 
where  so  many  of  their  brethren  have  perished  in 
a moment,  to  be  occupied  by  farmers  only,  who 
should  live  in  tents,  or  in  other  slight  habitations, 
which  could  not  crush  them  by  their  fall,  and 
which  wrould  be  easily  reared  up  again  when 
thrown  dowm  by  the  concussions  of  earthquakes  ; 

and  these  farmers  should  be  instructed  w hich  way 

* 

to  fly  from  danger  to  safer  ground;  and,  more- 
over, they  should  be  well  instructed  to  understand 
and  observe  the  signs  and  symptoms  of  approach- 
ing danger,  that  they  may  always  have  it  in  their 
powder  to  provide  for  their  safety  by  flight.  I 
have  no  manner  of  doubt  but  there  are  external 
signs  and  appearances,  and  interior  symptoms  and 
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warnings  of  approaching  clanger,  which  will  be 
almost  infallible  when  well  understood,  and  well 
attended  to.  It  has  been  observed,  in  many  parts 
of  the  world,  that  the  atmosphere  is  uncommonly 
agitated  before  any  great  earthquake.  And  it  is 
said,  that  rumbling  noises  are  heard  under  ground, 
in  volcanoes  for  some  days  before  a great  earth- 
quake and  eruption.  Perhaps  part  of  the  cause  of 
these  subterraneous  noises  may  be  occasioned  by 
copious  streams  of  air  and  steam  rushing  out,  when 
violently  heated,  through  passages  which  are  yet 
pretty  clear  and  open  ; but  that,  during  this  time, 
streams  of  lava  are  propelled  forward  from  remote 
parts  or  excavations  of  the  volcano ; but  when 
this  mighty  stream  of  lava  accumulates  in  a nar- 
row mine  or  passage,  then  the  catastrophe  is  near. 
The  mighty  gusts  of  volcanic  respiration  are  at  an 
end ; but  there  is  a quantity  of  air  and  steam  be- 
hind the  lava,  which  is  increasing  rapidly  by  the 
continual  supply  of  water  from  a thousand  vents, 
which  is  suddenly  converted  to  steam ; and  when 
this  steam  is  sufficiently  heated,  then  an  earth- 
quake ensues,  and  the  lava  is  either  propelled  to 
the  surface  by  some  of  the  old  apertures,  or  new 
breaches  are  made  where  the  rock  is  weak.  Now, 
if  we  allow  of  this  supposed  violent  respiration  of 
the  volcano  for  a few  days  before  the  earthquakes 
and  eruptions,  it  will  sufficiently  account  for  the 
uncommon  agitation  ol  the  atmosphere* 

It  is  well  known  that  springs  and  rivers  are 
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dried  up  by  volcanoes,  and  all  the  rain  and  snow 
which  fall  upon  volcanic  ground,  must  find  its 
way  into  the  subterraneous  excavations,  excepting 
what  is  immediately  evaporated  upon  the  surface. 
Now,  every  drop  of  the  water  which  rushes  down 
through  the  natural  and  accidental  fissures  of  such 
extensive  rocks  as  Cover,  and  are  situated  upon 
both  sides  of  some  ancient  volcanoes,  is  converted 
into  steam  by  the  heat  of  the  volcano ; and  such 
a quantity  of  water  converted  into  steam,  will  soon 
fill  all  the  excavations  of  the  volcano  like  a thick 
cloud ; and  while  this  vapour  is  fed  by  continual 
and  copious  supplies  from  the  feeders  of  water,  and 
the  extraordinary  heat,  the  steam  will  so  effectu- 
ally fill  all  the  receptacles  of  volcanoes  as  to  ex- 
clude and  prevent  the  admission  of  the  external 
air  into  any  of  those  receptacles. 

I must  not  be  understood  to  mean,  that  the  ex- 
ternal air  is  absolutely  excluded  from  every  part 
of  the  volcano.  The  fire  could  not  exist  without 
a communication  bf  less  or  more  of  the  external 
air ; and  the  extreme  degree  of  Cold  which  those 
who  visit  volcanoes  have  found  in  some  narrow 
caves  and  passages  in  the  sides  of  volcanic  moun- 
tains, is  a clear  proof  of  the  air  rushing  violently 
through  those  fissures  to  fan  and  feed  the  fires  be- 
low ; but  what  I mean  is  this,  that  the  great  heat, 
with  a thick  and  strong  cloud  of  steam,  will  fill  all 
the  great  excavations  of  the  volcano,  and  effectu* 
ally  exclude  the  external  air  from  entering  through 
V©ju  IX,  £ 
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the  crater ; nor  can  it  possibly  get  admission  into 
those  receptacles  through  the  crater  and  main  pas- 
sage, while  the  heat  and  steam  continue  in  full 
force*. 

These  hints  are  not  merely  conjectural.  They 
are  founded  upon  observation  and  analogy,  in 
comparing  great  things  with  small,  which  is  the 
surest  way  ol  coming  at  the  truth.  Steam  from 
boiling  water  raised  by  great  heat,  and  closely 
confined,  is  far  stronger  and  more  powerful  than 
the  weight  of  the  atmosphere. 

There  is  an  inflammable  vapour  which  often 
collects  in  remote  mines,  and  other  parts  of  sub- 
terraneous works,  which  are  scarce  of  air ; that  is, 
where  there  is  not  a sufficient  current  of  air  to 
carry  off  this  vapour  ; which  being  touched  with  a 
lighted  candle,  instantly  takes  fire,  and  goes  off 
with  an  explosion  like  gun-powder,  and  with  a 
force  perhaps  superior  to  it. 

Now,  here  is  another  powerful  agent  found  be- 
low ground,  which,  for  any  thing  we  know  to  the 
contrary,  may  be  joined  with  other  volcanic  forces; 
and  when  such  a small  quantity  of  this  vapour  as 


* The  cold  air  must  be  excluded  from  volcanoes  ; otherwise 
steam  or  vapour  would  immediately  be  condensed  and  convert- 
ed to  the  state  of  water,  when  it  is  deprived  of  its  elastic  force. 
Steam,  it  may  be  added,  is  invisible.  The  Author’s  views, 
with  regard  to  the  vapour  of -water  and  its  effects,  are  not  very 
correct. — Editor. 
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is  contained  within  the  space  of  a few  cubical  feet* 
or  a small  quantity  of  gun- powder,  when  properly- 
confined,  is  capable  of  doing  such  mischief,  and 
of  proving  so  powerful,  what  may  we  not  suppose 
the  united  force  of  the  volcanic  powers  capable  of 
doing,  when  they  are  in  such  immense  quantities, 
and  excited  by  such  prodigious  fires  in  the  exten- 
sive caverns  of  volcanoes  ? But  here  all  computa- 
tion and  even  conjecture  fail.  We  are  not  capa- 
ble of  forming  a proper  judgment  of  these  stupen- 
dous and  astonishing  secret  operations  of  nature. 
All  we  can  do  in  such  cases,  is  to  have  recourse  to 
the  effects  to  enable  us  to  judge  of  the  cause. 

There  is  yet  another  very  powerful  agent  in  na- 
ture, which  is  pretty  well  known,  though  not  so 
well  understood  ; I mean  electricity,  and  electrici- 
ty is  the  action  of  fire.  If  we  attentively  examine 
this  matter,  we  shall  soon  discover  that  fire  is  the 
most  active,  and  I believe  I may  venture  to  say,  the 
most  powerful  agent  in  nature. 

That  the  atmosphere  is  plentifully  mixed  with 
latent  elementary  fire,  is  evident  from  its  being 
procured  several  ways  by  attrition,  as  in  artificial 
electricity,  the  friction  of  dry  axles,  the  peg  and 
board,  &c.  Now,  when  a copious  stream  of  the 
atmosphere  enters  the  mouth  of  the  crater  of  a vol- 
cano, the  heat  of  this  prodigious  furnace  will 
cause  the  watery  parts  of  the  air  to  fly  back ; but 
the  latent  fire  will  rush  forward  to  join  its  native 
element  in  the  excavations  of  the  volcano,  and  a 
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vast  increase  of  the  elementary  fire  from  the  at- 
mosphere will  soon  bring  matters  to  a height,  and 
produce  dreadful  earthquakes  and  eruptions. 

Fire  in  one  state,  condition,  or  modification,  or 
other,  seems  to  be  the  most  powerful  and  univer- 
sally active  principle  and  agent  in  .nature.  I do 
not  know  but  it  is  the  only  active  principle,  and 
natural  cause  of  force  and  motion  in  the  universe. 
It  is  fire  that  thunders  in  the  clouds,  roars  in  the 
winds,  and  tears  up  the  superficies  of  the  earth  in 
hurricanes ; and  undoubtedly  it  is  fire  that  rends 
the  rocks  asunder,  and  shakes  the  foundations  of 
the  solid  globe  in  earthquakes. 

And  it  is  the  different  mixtures,  modifications, 
and  motions  of  this  element  that  produce  all  the 
mild,  beneficial,  and  salutary  operations  of  nature. 
It  is  fire  that  sustains  the  life,  and  promotes  the 
growth  of  plants  and  animals ; it  moves  gently  m 
our  mild  salubrious  fluids,  and  effervesces  more 
fiercely  in  many  hot  and  pungent  liquids.  In 
short,  fire  seems  to  be  the  only  active  principle  ip 
every  fluid,  and  in  every  moving  body ; we  can 
set  no  bounds  to  the  power  of  this  mighty  agent. 

I could  make  but  little  by  further  attempts  to 
explain  and  illustrate  the  inexplicable  operations 
of  volcanoes ; and  as  I think  that  I have  now  sug- 
gested sufficient  hints  to  throw  such  light  upon 
this  naturally  dark  and  difhcuit  subject  as  may  be 
of  use  to  real  philosophers,  I will  sa\  no  moi.e  up- 
on this  topic  at  present. 
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These  reflections  authorise  us  to  conclude,  that 
dreadful  earthquakes  and  eruptions  will  frequent- 
ly happen  somewhere  in  the  line  of  old  volca- 
noes ; and  it  is  impossible  to  know  when  or  where 
they  will  be  most  violent  and  destructive  in  that 
line. 

. / 

What  I mean  by  the  line  of  volcanic  ground 

has  been  pretty  fully  explained  above,  where  it 
was  observed,  that  the  several  species  of  mineral 
veins,  which  are  found  by  experience  to  contain 
the  greatest  quantities  of  mineral  matter,  run  in  a 
line  parallel  to  the  bearing  of  the  strata.  This 
point  being  considered  as  an  established  fact,  it 
will  follow  of  consequence,  that  whether  the  vol- 
canic fuel  be  chiefly  contained  in  veins  or  in  stra- 
ta, in  rake  veins,  or  in  flat  dilated  veins,  which 
are  situated  between  the  strata,  it  will  run  in  the 
same  longitudinal  line  of  bearing.  I have  some 
reasons  for  being  persuaded,  that  the  inflammable 
matter,  which  is  the  fuel  of  volcanic  fires,  is  not 
contained  in  strata  properly  so  called ; though  it 
may,  and  I am  persuaded  that  it  frequently  is 
contained  in  the  flat  veins  situated  between  the 
strata.  One  reason  for  my  rejecting  regular  strata 
of  volcanic  fuel  is  this : It  is  well  known,  that  in 
the  structure  of  the  stratified  parts  of  the  super- 
ficies of  our  globe,  the  one  side,  or  the  one  edge 
of  the  several  strata  come  quite  up  to  the  superfi- 
cies of  the  solid  part  of  the  globe,  though  earth, 
gravel,  sand,  &c.  be  frequently  found  of 
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various  depths  lying  above  the  superficies  of  the 
solid  strata. 

In  this  view  of  the  subject,  it  appears  that  the 
one  side  or  edge  of  every  stratum  comes  up  to  the 
superficies  of  the  solids ; and,  therefore,  if  the  vol- 
canic fuel  were  contained  in  regular  strata,  it 
would  follow,  that  when  a volcano  was  once  kind- 
led, it  would  burn  forward  in  a line  quite  up  tq 
the  surface  of  the  ground  ; but  as  the  volcano  by 
this  means  would  have  regular  breathing  places, 
as  we  may  call  it,  by  communicating  with  the  sur- 
face every  where  as  it  advanced  in  the  line  of 
bearing,  few  or  none  of  the  dreadful  accidents  at- 
tending volcanoes,  such  as  earthquakes  and  erup- 
tions, would  happen.  This  we  know  by  expe- 
rience, as  far  as  analogy  will  reach. 

Seams  of  pit-coal  are  regular  strata.  They  are 
sometimes  set  on  fire  by  accident,  and  burn  below 
ground  for  several  miles.  Now,  this  conflagration 
not  only  burns  quite  up  to  the  surface  of  the  solid 
strata,  but  it  also  burns  such  earth,  clay,  &-c.  as  lie 
immediately  above  the  solids  in  the  line  of  bear- 
ing, and  the  several  substances  which  -come  in 
contact  with  the  fire  at  or  near  the  surface,  in  the 
line  of  the  crop  or  basset  of  the  coal,  are  frequent- 
ly vitrified,  and  run  together  in  vast  masses  of 
slags  resembling  lava ; but  neither  earthquakes 
nor  eruptions  ever  happen  from  these  suoterraneous 
conflagrations,  no  doubt  for  the  reason  I ga\e  a- 
hove,  viz.  because  this  subterraneous  burning. 
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communicates  with  the  surface  all  along  the  line 
of  the  basset  of  the  coal  as  it  advances ; and, 
therefore,  the  water  which  is  evaporated,  and  the 
rarified  air,  find  an  easy  passage  to  the  surface. 
This  is  a pretty  good  example  to  enable  us  to  judge 
of  these  matters  by  analogy  *. 

It  has  been  observed,  that  mineral  veins  are 
frequently  checked  at  the  surface,  the  two  sides 
of  the  vein  being  squeezed  close  together  above  ; 
but  besides  this  cause  of  preventing  the  respira- 
tion of  volcanic  fires,  strata  of  different  qualities 
may  be  spread  over  the  bassets,  vertex,  or  tops  of 
the  mineral  veins  in  the  vallevs,  which  do  not 
reach  up  to  the  site  of  the  first  craters  upon  the 
mountains.  Strata  of  pit-coal,  and  their  concomi- 
tants, are  found  in  valleys,  which  do  not  ascend 
the  high  mountains  of  the  coal  countries.  Veins 
of  volcanic  fuel  basset  out  in  the  summits  of  high 
mountains,  where  they  are  first  ignited ; but  when 
they  burn  down  towards  the  bases  of  the  moun- 
tains, these  veins  may  be  covered  by  other  hori- 
zontal strata,  containing  no  such  veins  or  fuel. 


* The  analogy  here  stated  by  the  Author  will  not,  perhaps, 
be  considered  by  many  as  very  apposite.  The  nature  of  the 
combustion  of  coal,  and  its  causes,  are  often  well  known  ; but 
the  nature  of  volcanic  combustion,  and  the  causes  of  the  re- 
markable phenomena  which  accompany  it,  are  involved  in  the 
deepest  obscurity.  The  first  is  a case  of  simple  combustion  ; 
the  latter  probably  depends  on  the  heat  evolved  during  the 
decomposition  of  immense  masses  of  matter.  — Editor. 
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Mineral  veins,  whether  vertical  or  horizontal, 
are  exceedingly  unequal  in  their  capacities  in  dif- 
ferent places  of  the  same  vein,  frequently  forming 
spacious  concavities,  and  again  contracting  at  a 
small  distance  into  narrower  bounds.  Now,  it  is 
reasonable  to  suppose,  that  the  capacious  recepta- 
cles of  these  veins  contain  the  volcanic  fuel ; and 
that,  when  the  combustible  matter  is  consumed 
out  of  these  cavernous  receptacles,  they  will  be 
greatly  enlarged  by  the  vitrification  and  decom- 
position of  vast  quantities  of  such  incombustible 
matter  as  come  in  contact  with  the  prodigious  fires 
and  heat  of  the  volcano ; and  it  is  as  reasonable  to 
suppose,  that  it  is  in  these  enormous  caverns  of 
fire  that  the  causes  of  earthquakes  and  eruptions 
are  generated.  We  cannot  tell  how  deep  or  how 
far  below  ground  these  excavations  may  reach ; 
but  we  know,  that  they  can  have  no  communica- 
tion with  the  external  air,  but  by  the  craters,  or 
other  apertures  which  the  several  earthquakes 
have  made ; and,  therefore,  no  respiration  or  per- 
spiration of  the  steam  and  rarified  air  can  possibly 
happen  here,  as  in  the  conflagration  of  a stratum 
of  coal.  It  must  either  issue  at  the  common  aper- 
tures, or  force  a new  passage  elsewhere ; and  fa- 
tal experience  mqkes  it  but  too  evident,  that  it 
frequently  does  make  a new  passage  in  great  and 
destructive  earthquakes. 

Although  the  mineral  veins,  supposed  to  con- 
tain volcanic  fuel,  are  very  unequal  in  the  capa- 
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city  or  dimensions  of  the  concavities,  they  are 
Nevertheless  pretty  regular  in  the  line  of  bearing, 
X hinted  before,  that  several  veins  run  parallel  to 
one  another  in  mineral  ground,  and  no  doubt  this 
will  happen  ill  volcanic  ground.  In  some  mining 
fields  we  meet  with  short  veins,  which  cut  right 
across  between  two  capital  parallel  veins,  and  u- 
nite  them  together  without  crossing  them.  These 
short  cross  veins  are  frequently  well  replenished 
with  mineral  ores ; and  so  they  may  with  inflam- 
mable matter  in  volcanic  countries;  and  if  so, 
then  the  fire  will  easily  communicate  from  one 
parallel  vein  to  another.  I hinted  before,  that 
many  of  the  strongest  and  most  productive  mineral 
veins  are  piped  ; that  is,  are  formed  into  long  and 
high  concavities,  which  run  parallel  to  one  ano- 
ther, and  frequently  point  downwards  in  a slant- 
ing direction  into  the  body  of  the  earth. 

These  pipes  resemble  a number  of  long  vaultss 
or  arched  cells,  arranged  parallel  to  one  another, 
only  not  so  regular.  It  is  impossible  for  us  to 
know  how  deep  the  veins  and  these  pipes  in  them 
strike  down  into  the  body  of  the  earth,  whether 
the  veins  dip  down  precipitately,  or  with  an  easy 
gentle  slope  ; and,  therefore,  it  is  impossible  for 
us  to  know  how  deep  the  volcanic  fire  may  pene- 
trate ; but  this  one  thing,  however,  we  may  as- 
sure ourselves  of,  viz.  that  the  deeper  and  more 
extensive  the  subterraneous  excavations  are,  the 
more  dangerous  the  volcano,  and  the  more  mis- 
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chievous  and  extensive  its  effects ; and  the  reason 
is  obvious,  viz.  because  the  deeper  and  more  ex- 
tensive the  excavations  are,  the  more  room  there 
is  for  the  reception  of  steam,  air,  & c.  which,  with 
the  agency  of  volcanic  fires,  I have  shown  to  be 
the  efficient  cause  of  earthquakes  and  eruptions. 

It  cannot  be  denied,  that  the  excavations  of  old 
volcanoes  are  amazingly  extensive.  The  immense 
quantities  of  lava  and  other  matter  ejected  from 
them,  proves  this  to  a demonstration ; and, 
therefore,  it  may  be  a query  with  some,  how  it 
happens,  that  the  ground  above  these  extensive 
excavations  does  not  give  way  and  fall  in,  not  on- 
ly around  or  near  the  original  crater,  but  even 
every  where  in  the  course  or  line  of  the  progress 
of  the  subterraneous  fires,  and  produce  number- 
less gulfs  and  chasms,  both  dangerous  and  frightful 
to  behold  ? I answer,  if  the  volcanic  fuel  were  ge- 
nerally contained  in  regular  strata,  the  earth  would 
so  fall  in,  because  the  combustible  strata  being 
consumed,  the  superincumbent  strata  would  infal- 
libly fall  down  when  undermined  to  a vast  breadth 
and  length ; and  this  must  happen  in  the  whole 
length  of  the  volcanic  excavations,  and  as  far  in 
breadth  as  they  are  undermined : But  this  not  be- 
ing the  case,  is  another  strong  proof,  that  the  fuel 
is  lodged  in  mineral  veins,  which  not  only  strike 
down  deep  into  the  esith,  but  aie  also  frequently 
of  a piped  form,  as  we  hinted  before,  which  pipes 
sometimes  stand  nearly  perpendiculai,  oi  with  a 
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considerable  slope  ; and,  therefore,  every  part  of 
the  intervening  rock  which  separates  the  pipes 
from  one  another,  is  a strong  pillar  fixed  upon  its 
own  base.  It  is  known  too  by  observation  and 
experience,  that  the  concavities  of  mineral  veins 
more  frequently  expand  or  open  out  deep  down 
than  near  the  superficies  of  the  strata.  Many  of 
the  cavernous  excavations  of  volcanoes  are  there- 
fore, according  to  this  piped  form  of  the  veins, 
exceedingly  capacious  at  great  depths  ; assuming 
an  arched  figure  in  many  places,  with  a thick  and 
strong  crust  of  rock  above  the  arched  excavations, 
which  does  not  contain  any  combustible  matter. 

The  natural  history  of  the  solid  superficies  of 
the  globe  is  a subject  of  difficult  investigation  ; and 
there  are  but  few,  even  of  our  philosophers  and 
naturalists,  who  are  vrell  acquainted  with  its  struc- 
ture, which  makes  it  the  more  necessary  for  me  to 
be  minute  and  circumstantial  in  explaining  some 
particulars.  In  the  practice  of  mining,  we  some- 
times meet  writh  what  may  be  called  accumulated 
or  concentrated  veins ; that  is,  a number  of  veins  or 
mineral  fissures,  containing  rich  ores,  the  one  end 
of  w7hich  converges  and  meets  in  a common  cen- 
ter, and  the  other  end  of  each  of  them  diverges 
and  spreads  out  from  this  center  to  some  distance, 
though  generally  not  very  far.  It  frequently  hap- 
pens, that  a vast  body  of  ore  is  found  in  the  cen- 
ter of  this  accumulated  vein  ; and  when  the  ore 
is  dug  out,  a most  tremendous  gulf  is  opened  be- 
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low  ground,  which  is  sometimes  of  an  irregularly 
arched  or  conical  figure. 

Now,  it  is  fair  and  reasonable  to  suppose,  that 
there  may  be  vast  accumulated  veins  of  fuel  in 
some  volcanic  mountains,  perhaps  of  much  great- 
er extent  and  dimensions  than  we  can  easily  con- 
ceive ; however,  the  excavations  of  these,  though 
vast  and  extensive,  are  nevertheless  of  an  arched 
or  conic  form  ; and,  therefore,  the  superficies  is 
supported,  and  does  not  fall  in.  These  subterra- 
neous excavations  may  be  compared  to  some  im- 
mense Gothic  temples,  which,  though  of  vast  di- 
mensions, the  roof  lofty,  and  composed  of  massy 
and  ponderous  materials,  yet  the  fabric  is  firm  and 
durable,  because  it  is  supported  by  wralls,  but- 
tresses, and  pillars,  proportioned  to  the  immense 
weight  of  the  superstructure. 

When  the  result  of  these  inquiries  is  fairly  ex- 
amined, we  shall  be  authorised  to  infer,  that  whe- 
ther we  suppose  the  combustible  matter,  which  is 
the  fuel  of  volcanoes,  to  be  contained  in  mineral 
veins,  or  in  regular  strata,  it  is  exhaustible.  The 
progressive  advances  of  some  volcanoes,  in  a line 
from  the  first  funnel  or  crater,  is  a proof  that  the 
fuel  is  exhaustible ; and,  moreover,  some  few  vol- 
canoes have  been  extinguished.  We  may  also 
assert  of  volcanic  fuel,  that  it  is  not  only  limi- 
ted in  quantity,  and  exhaustible,  but  that  it  is 
lodged  in  very  widely  different  quantities  in  dif- 
ferent places,  like  all  other  mineral  matter,  This 
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observation  is  sufficiently  proved  by  the  different 
magnitude  and  extent  of  different  volcanoes,  which 
is  the  very  best  proof  the  subject  is  capable  of, 
there  being  no  possibility  of  surveying  these  trea- 
sures of  fire. 

It  is  fair  and  reasonable  to  suppose,  that  the 
volcanic  fuel  treasured  up  in  Mount  y£tna,  and 
in  the  line  of  progress  of  that  ancient  volcano,  has 
been  many  thousand  times  as  much  as  some  di- 
minutive volcanoes,  which  can  only  be  said  to 
exist  in  a comparatively  harmless  state,  without  be- 
ing of  sufficient  magnitude  or  force  to  do  much 
harm.  All  mineral  substances  whatever,  whether 
useful  or  curious,  are  found  in  very  different 
quantities,  in  all  the  different  places  we  dig  for 
them,  or  see  them  basset  out,  where  the  superficies 
of  the  strata  is  laid  bare  by  streams  of  water,  or 
otherwise;  and  we  are  confident  to  assert,  that 
there  is  the  same  variety  or  difference  of  quantity 
of  volcanic  fuel  as  of  other  mineral  matter.  These 
disquisitions  are  not  the  fruit  of  ingenuity  and 
conjecture:  Observation  and  experience  assure  us, 
that  it  is  difficult  to  set  bounds  to  great  and  little 
when  applied  to  the  concavities  or  capacities  of 
mineral  veins.  We  have  seen  some  very  small 
and  diminutive,  and  we  have  seen  others  exceed- 
ingly large  and  capacious ; and  there  is  no  room  to 
doubt,  that  there  are  others  at  great  depths  in  the 
bowels  of  volcanic  mountains,  which  are  prodigi- 
ously larger  and  more  capacious  than  any  that  we 
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see  or  penetrate  in  our  diminutive  operations  an5 
researches. 

I suppose  that  new  volcanoes  must  occasion 
but  weak  and  harmless  earthquakes,  because 
there  is  not  as  yet  extensive  excavations  made  for 
the  reception  of  copious  vapours;  however,  in 
process  of  time,  the  continual  consumption  of  vol- 
canic fuel  will  soon  make  room  enough  to  con- 
tain a sufficiency  to  push  out  streams  of  lava,  or, 
by  quick  explosions,  to  throw  quantities  of  rubbish 
high  up  into  the  air. 

The  inflammable  vapour  in  coal  mines  frequent- 
ly does  this  last  in  miniature.  The  increase  and 
dilatation  of  a great  cloud  of  steam,  lodged  be- 
hind a quantity  of  liquid  fire  or  melted  matter, 
will  forcibly  propel  and  thrust  it  out  through  the 
mouth  of  the  crater.  There  is  no  room  to  sus- 
pect the  propelling  force  of  steam  and  rarified  air 
in  any  direction  whatever,  it  being  the  action  of 
fire ; and  the  more  it  is  confined,  the  more 
powerfully  it  will  act.  If  once  it  collect  in  force 
behind  any  quantity  of  lava,  or  other  matter,  it 
will  violently  push  it  out  at  the  old,  or  burst  a 
new  passage.  We  are  enabled  to  conceive  a to- 
lerable idea  of  the  prodigious  extent  and  capacity 
of  the  excavations  of  old  volcanoes  from  the  quan- 
tities of  matter  ejected  from  them. 

Where  we  see  countries  overspread  with  lava 
for  many  miles  in  extent,  and  to  a vast  depth, 
and  know  that,  besides  the  lava,  immense  quart- 
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titles  of  pumice,  ashes,  and  other  rubbish,  have 
been  thrown  out  in  different  ages,  we  must  con- 
clude, that  volcanic  excavations  are  large  and  ex- 
tensive, in  proportion  to  the  quantities  of  matter 
thrown  out ; and,  moreover,  when  the  original 
site  of  volcanoes  is  near  the  sea,  perhaps  we  can- 
not guess  at  one  half  of  the  matter  ejected,  be- 
cause immense  quantities  of  it  have  been  thrown 
into  the  sea,  where  it  lies  buried  in  the  waters, 
W e see  enough,  however,  to  assure  us,  that  the 
excavations  below  are  of  immense  extent ; and  I 
have  no  doubt  that  this  is  the  cause  of  the  earth- 
quakes of  old  volcanoes  being  so  extensive,  and 
so  disastrous  in  their  effects,  even  at  a great  dis- 
tance from  the  original  site  and  crater.  I dwell 
the  longer  upon  these  abstruse  disquisitions,  with 
the  intention  of  impressing  upon  the  mind  an  ap- 
prehension of  the  great  danger  of  inhabiting  vol- 
canic ground,  and  especially  every  where  in  the 
line  of  an  old  volcano.  The  dreadful  catastro- 
phes which  have  so  frequently  happened  in  Si- 
cily, Calabria,  Peru,  Jamaica,  and  many  other 
parts  of  the  world,  are  but  too  sure  proofs  of  this 
danger;  but  there  is,  in  many  instances,  a sort  of 
infatuation  in  mankind.  We  are  apt  to  overlook 
and  forget  our  danger  when  the  cause  of  it  lies 
out  of  sight.  I have,  in  these  disquisitions,  en- 
deavoured to  explain,  and  expose  the  causes  of 
dangei ; and  as  far  as  my  knowledge  reaches,  I 
have  endeavoured  to  make  the  danger  visible  to 
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the  mental  eye,  to  the  end  that  these  concerned 
may  flee  from  it,  at  least,  with  their  cities,  sea- 
ports, and  manufactories,  and  leave  volcanic 
ground  for  the  purposes  of  husbandry  only. 

I might  now  proceed  in  my  inquiries,  and  at- 
tempt to  investigate  the  original  cause  of  volca- 
noes ; but  as  the  subject  is  both  difficult  and  mys- 
terious, and  appears  to  me  merely  curious,  I will 
not  spend  much  time  in  disquisitions  that  can  be 
of  little  utility.  It  is  wTell  known,  that  there  are 
various  quantities  of  iron  and  other  pyrites  in  all 
countries ; and  these  pyrites,  which  are  sometimes 
pure  and  unmixed,  and  sometimes  blended  with 
other  fossil  substances,  are  frequently  found  be- 
tween the  sides,  and  in  the  cavities  of  mineral 
veins,  in  different  proportions ; or  are  imbedded  in  ^ 
masses  and  plates,  &c.  of  various  thickness  in  the 
stratum  of  coal,  and  in  many  of  the  stony  and  argil- 
laceous strata  wffiich  accompany  coal ; and  more- 
over, iron  pyrites  is  often  combined  with,  but  con- 
cealed in  invisible  particles,  throughout  the  whole 
stratum  and  mass  of  the  coal,  in  such  quantities  as 
frequently  to  raise  a fermentation,  when  such  coal 
is  heaped  together  in  places  accessible  to  the  com- 
mon air.  This  fermentation  first  raises  heat, 
which  is  by  degrees  increased,  until  at  last  the 
heaps  of  coal  are  ignited.  • Several  large  parcels  of 
coal  in  Scotland  have  been  in  a conflagration,  and 
actually  consumed,  by  this  process;  as,  for  in- 
stance, at  Ayr,  and  at  Brora  iif  Sutherland.  We 
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have  seen  parcels  of  pyrites  fermenting  alone  to 
the  degree  of  ignition,  when  they  have  beer; 
lilt-own  aside  above  ground;  however,  I will  not 
assert,  that  such  parcels  were  perfectly  free  from 
particles  of  coal  adhering  to  some  of  the  masses  of 
pyrites.'  * 

Whether  the  fermentation  of  pyrites  alone,  or 
of  sulphur  and  iron,  or  any  other  metallic  sub- 
stance, be  adapted  by  nature  for  kindling  and 
feeding  the  fire  of  volcanoes,  or  whether  it  be  not 
necessary  that  there  should  be  some  bituminous 
or  oily  matter  to  increase  and  feed  the  flame,  I 
will  not  pretend  to  determine.  Perhaps  other  in- 
flammable substances  are  also  necessary  at  first  to 
kindle  and  feed  the  flame ; and  such  are  frequent- 
ly mixed  in  lesser  or  greater  quantities  with  va- 
rious strata,  and  are  lodged  in  mineral  veins.  Pe- 
troleum is  widely  diffused  through  the  mineral 
kingdom  ; and  it  is  so  plentifully  combined  or 
mixed  with  the  substance  of  many  species  of  stones 
and  odier  fossils,  as  to  cause  them  to  flame  strong- 
ly in  the  fire,  though  not  to  consume;  and  in 
many  parts  of  the  world,  the  petroleum  is  in  such 

abundance  as  to  issue  out  of  the  ground  in  great 
quantities. 

x here  is  a species  of  remarkably  pure  and  fine 
co..ti,  of  a lich  and  tat  quality,  deposited  in  the  ca- 
vities of  mineral  veins,  which  I have  seen  in  se- 
\eial  parts  of  the  Highlands  of  Scotland.  The 

greatest  quantity  of  this  coal  is  to  be  seen  at  Cas- 
VOL.  II.  r 
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tleleod  in  Ross-shire,  where  some  of  the  veins 
have  been  opened  and  tried.  The  nature  and  situ- 
ation of  this  species  of  coal  are  extraordinary,  and 
quite  out  of  the  course  of  common  experience  ; 
for  it  is  found  in  the  cavities  of  rake-veins,  or  per- 
pendicular mineral  fissures ; whereas  other  fossil 
coal  is  always  found  in  regular  strata. 

Now,  this  brief  sketch  may  suggest  to  us,  at 
least  a probability,  that  besides  the  immense  stores 
of  pyrites  which  are  supposed  to  be  lodged  at  first 
in  the  bowels  of  volcanic  mountains,  there  may 
also  be  lesser  or  greater  quantities  of  petroleum,  or 
of  some  other  combustible  matter,  either  mixed 
and  blended  with  the  pyrites  in  the  same  veins, 
or  deposited  so  near  to  one  another,  as  that  the 
combustibles  would  at  first  be  readily  ignited  by 
the  fermentation  of  the  pyrites ; and  they  may  af- 
terwards continue  to  the  end  reciprocally  to  in- 
flame and  consume  one  another.  As  I have  seen 
different  quantities  of  fossil  coal  in  the  cavities  of 
mineral  veins  in  several  parts  of  the  Highlands  of 
Scotland,  it  cannot  be  called  a stretch  of  vague 
conjecture  to  suppose,  that  the  same,  or  some  other 
inflammable  substance,  may  be  deposited  in  vol- 
canic mountains,  though  the  fact  cannot  be  ascer- 
tained ; because  the  superficial  parts  of  volcanic 
fuel  are  there  consumed  away  long  ago.  We  may 
iorm  several  conjectures  bow  a volcano  is  at  fust 
ignited  ; as,  by  elementary  fire,  or  great  and  un- 
common flashes  of  lightning  kindling  some  easily 
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inflammable  substance,  or  of  such  flashes  of  ele- 
mentaiy  fire  kindling  dry  and  parched  vegetables, 
and  the  conflagrations  of  these  vegetables  com- 
municating fire  to  the  superficies  of  a vein  of  some 
combustible  fossil  substance.  With  respect  to  this 
last  conjecture,  it  may  be  observed,  that  the  prin- 
cipal crater  of  many  of  the  ancient  volcanoes  is 
situated  higher  up  on  the  mountain  than  any  ve- 
getation is  ever  found ; and  as  to  the  first,  the  in- 
flammable fossils,  especially  such  of  them  as  par- 
take of  the  nature  of  coal,  are  not  so  readily  in- 
flammable as  to  be  ignited  by  a sudden  transient 
flash  of  elementary  fire ; and,  therefore,  the  most 
probable  conjecture  in  my  opinion  is  this,  viz. 

T. hc.L  volcanoes  are  at  first  ignited  by  pyrites  at 
the  surface. 


Moderate  humidity,  and  the  contact  or  action 
of  the  external  air  have  a great  tendency  to  ex- 
cite and  increase  the  fermentation  of  pyrites  ; and 
it  is  observable,  that  the  summits  of  most  volcanic 
mountains  are  covered  with  snow  the  greatest; 
nait  ot  the  year,  and  we  cannot  imagine  a situ- 
atmn  where  the  fermentation  of  those  substances 
would  be  more  powerfully  excited  than  beneath 
the  snow ; and  in  lower  situations,  which  are  not 
otten  covered  with  snow,  we  may  suppose,  that 
, mmerals  have  been  sufficiently  moistened  by 

the8seand  ^y  mins’  or  a coPious  sPray  from 
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may  not  exactly  hit  the  mark.  I do  not  pretend 
positively  to  assert  any  thing.  All  that  1 can  do 
is,  to  point  out  several  observations  and  facts,  and. 
leave  the  reader  to  form  a judgment  of  them  for 
himself.  My  own  opinion  of  the  origin  or  igni- 
tion of  volcanoes  is  this:  1 observed  above,  that 
accumulated  mineral  veins  are  found  in  some 
mining  countries,  where  a number  of  nearly  per- 
pendicular fissures  meet  and  join  in  one  common 
center,  from  which  they  spread  out  like  radii  to 
different  distances  from  the  central  conjunction. 
Now  I suppose,  that  there  was  one  of  these  accu- 
mulated veins  in  each  volcanic  mountain  , that 
the  central  part  of  the  vein  came  up  to  the  day 
at  or  near  the  summit  of  the  mountain ; that  this 
vein  contained  pyrites,  perhaps  mixed  with  other 
inflammable  combustible  fossils  \ that  tiie  lams, 
and  especially  the  snows,  excited  these  inflam- 
mable mineral  substances  to  such  a degree  oi 
fermentation  as  to  be  at  last  ignited  ; and  that, 
when  once  kindled,  the  fire  would  first  prey  upon 
the  shaft  or  central  column  of  the  vein,  which  of 
course  would  form  in  time  a vast  perpendicular 
cavity,  resembling  the  inside  of  a glass-house. 
Some  of  these  accumulated  veins  of  vast  magni- 
tude have  been  seen  and  explored  in  the  practice 
of  mining,  and  in  cavernous  mountains. 

Now,  as  these  concentrating  veins  are  seen  of 
different  degrees  of  magnitude,  it  is  agreeable  to 
analogy  and  experience  to  suppose,  that  at  gieat 
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depths  in  the  bowels  of  volcanic  mountains,  such 
veins  have  opened  and  expanded  to  degrees  of 
wideness  and  capacity  far  exceeding  any  thing 
we  have  seen,  and  that  they  have  been  replenish- 
ed with  volcanic  fuel.  Upon  this  hypothesis, 
the  first  great  excavation  of  a volcano  should  be 
much  in  the  form  of  an  irregular  conical  shaft,  the 
crater  being  the  mouth  of  the  shaft,  the  extent  of 
which  is  sometimes  seen  ; but  we  can  say  nothing 
about  the  depth,  dimensions,  and  capacity  of 
those  volcanic  shafts  which  are  out  of  our  sight. 
But  whatever  may  be  their  extent  and  capacity 
in  the  bowels  of  the  mountains,  this  account  of 
them  presents  to  us  the  idea  of  a strong  arched 
figure,  like  a glass-house,  every  part  of  which  is 
wrell  supported  upon  its  own  basis ; and  I am  ful- 
ly convinced,  that  this  subterraneous  form  is  the 
real  cause  or  reason  why  those  mountains  do  not 
fall  down  into  the  immense  gulphs  and  excava- 
tions below.  In  the  progress  of  volcanic  confla- 
grations, some  of  the  diverging  rays  or  branches  of 
the  accumulated  vein  will  communicate  with  veins 
of  another  description,  which  trend  in  a line  pa- 
rallel to  the  bearing  of  the  strata  ; and  as  the  vol- 
canic fuel  is  the  prevailing  mineral  substance  or 
substances  of  that  district,  the  parallel  veins  will 
likewise  be  replenished  with  volcanic  fuel  * and, 
therefore,  in  process  of  time,  the  volcanic  fire  will 
prey  upon  those  veins,  and  advance  in  a horizon- 
tal direction  ; and  when  the  excavations  are  be- 
come extensive  and  capacious,  they  also  become 
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dangerous  and  destructive,  as  at  Messina,  Calabria, 
Jamaica,  &-c. 

Some  noted  volcanoes,  such  as  those  of  Iceland, 
not  only  emit  great  quantities  of  steam,  but  throw 
out  also  great  quantities  of  hot  water  high  up  in- 
to the  air  several  times  every  day.  We  presume, 
that  the  natural  cause  of  this  phenomenon  is  a 
subterranean  river,  and  a thin  partition  wall  of 
rock  interposed  between  the  river  and  the  vol- 
cano. This  partition  wall  must  be  a species  of 
fire-stone,  perhaps  basalts,  some  of  the  varieties  of 
■which  is  the  best  fire-stone  that  we  know  of ; that 
is,  it  stands  the  heat  of  a furnace,  or  any  other 
strong  heat,  better  than  any  other  of  our  hard 
stone.  We  are  told  that  basaltine  rocks  abound  in 
Iceland,  and  especially  in  the  neighbourhood  of 
the  volcanoes,  and  that  the  apertures,  through 
which  the  hot  water  is  ejected  there,  are  in  rocks 
of  basalts.  This  partition  w7all  being  heated  to 
different  degrees,  may  produce  the  different  phe- 
nomena and  ejections  of  the  water  and  steam; 
and,  moreover,  in  some  of  them,  there  may  be  a 
passage  or  gap  below,  in  v'hat  may  be  called  the 
banks  of  the  river,  over  which  the  w7ater  may  run 
sometimes,  and  fall  down  into  the  volcano,  which 
may  be  the  cause  of  its  raging  more  furiously, 
and  of  ejecting  the  water,  &c.  with  more  than 
ordinary  force  and  violence. 

I will  now  proceed  with  some  disquisitions  con- 
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cerning  volcanoes,  which  are  not  of  so  serious  a 
nature,  or  so  interesting  as  part  of  the  foregoing 
disquisitions,  being  such  as  have  more  regard  to 
truth  than  utility.  One  of  the  principal  motives 
which  induced  me  to  write  any  thing  concerning 
the  mineral  kingdom  was,  to  attempt  to  obviate 
errors,  and  to  set  the  world  right  in  many  parti- 
culars, and  also  to  lay  a foundation,  and  give 
a clue  to  assist  young  naturalists  in  the  study  of 
this  important  branch  of  natural  history. 

I saw,  that  false  facts  and  absurd  conclusions 
from  them  were  daily  imposed  upon  the  world  ; 
and  as  I knew  this,  I could  not  justify  myself  with- 
out detecting  such  errors,  and  communicating  my 
knowledge  of  a great  many  facts  which  have  been 
misrepresented  by  several  eminent  writers,  who 
have  neither  taken  the  pains,  nor  had  the  oppor- 
tunities of  seeing  so  much  of  the  mineral  king- 
dom as  I have ; and  some  of  them  are  too  much 
attached  to  a favourite  system  to  acknowledge 
Truth,  if  they  saw  her  adorned  with  all  her  excel- 
lencies and  beauties.  How  far  I have  succeeded 
in  this  part  of  my  plan  and  intention,  must  be 
determined  by  the  judgment  of  the  candid  natu- 
ralist. 

When  gross  mistakes  and  absurd  conclusions 
are  published  by  men  of  eminence  in  the  re- 
public of  letters,  as  indubitable  facts,  they  have 
very  pernicious  effects,  by  encreasing  difficulties 
in  the  knowledge  of  Nature,  and  establishing  seep- 
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ticism,  and,  by  the  sanction  of  great  names,  such 
erroneous  opinions  become  the  vogue  ; and,  there- 
fore, every  novice  will  say  something  on  that  side 
ol  the  question,  although  he  knows  very  little 
about  the  matter. 

I have  thoroughly  investigated  and  made  myself 
master  of  every  thing  I represent  as  fact.  I wish 
that  all  the  modern  writers  about  the  concerns  of 
the  mineral  kingdom  had  done  so  likewise. 

1 here  are  two  fossil  bodies,  which  are  claim- 
ed by  many,  as  only  belonging  to  volcanoes, 
namely  basalts  and  tufa,  which  really  and  truly 
belong  to  the  mineral  kingdom  in  general.  These 
I will  endeavour  to  rescue,  from  this  unjust  deten- 
tion, and  to  restore  them  to  their  proper  stations 
in  the  system  of  nature.  .Because  basalt  is  often 
found  about  volcanic  mountains,  this  circum- 
stance is  adduced  as  a proof  of  its  being  crystal- 
lized by  the  lire  of  the  volcano  \ but  I affirm, 
that  real  basalt  is  a real  stone,  and  part  of  a real 
stratum,  the  exterior  parts  of  which  are  frequently 
formed  into  columnar  and  glebous  figures,  which 
happened  at  first  by  drying. 

However,  I wil]  not  pretend  to  say,  that  some 
of  the  curious  gentlemen,  who  carefully  examine 
volcanoes,  may  not  see  some  fragments  of  basal- 
tine  rocks  which  have  fallen  from  the  summit  or 
sides  to  the  bottom  of  a crater,  and  which  may  be 
thrown  out  again  by  eruptions  of  the  volcano, 
with  real  marks  of  fire  on  them ; but  this  accident 
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does  not  alter  the  nature  of  things.  Basalt  is 
still  a real  stone,  which  belongs  to  a very  nu- 
merous and  very  extensive  class  of  strata  ; the 
natural  history  of  which  I have  so  fully  explain- 
ed formerly,  that  little  or  nothing  more  need  be 
said  about  it  here  ; only  we  may  safely  and  fairly 
observe  in  general,  that  the  modern  gentlemen  of 
the  Pyrrhonian  system  are  as  famous  for  drawing 
inferences  from  a shallow  knowledge  of  their  sub- 
ject, when  treating  of  the  mineral  kingdom,  as 
any  set  of  philosophers  that  ever  appeared  in  the 
world. 

I have  made  it  evident  by  ocular  demonstration, 
that  the  basalts  are  as  much,  and  as  really  recks 
and  strata,  as  any  rocks  and  strata  in  the  superfi- 
cies of  our  globe;  and  as  such,  they  constitute  a 
considerable  and  a material  part  in  the  constitu- 
tion of  this  great  fabric,  having  as  regular  strata 
above  and  below7  them  as  any  in  the  superficies 
of  the  globe,  and  spreading  as  wide,  and  stretch- 
ing as  far  in  the  longitudinal  line  of  bearing,  as 
any  of  their  concomitant  strata;  and,  therefore, 
we  cannot  allow  their  being  called  lava,  any  more 
than  the  other  strata  found  above  and  below7  the 
basalts;  and  if  some  of  them,  namely  the  strata 
of  coal,  were  to  come  in  contact  with  burning  or 
running  hot  lava,  they  would  soon  make  such  a 
conflagration  in  that  part  of  the  globe,  as  would 
produce  more  lava,  not  like  basalts,  but  like  dirty 
$lags,  such  as  wre  have  seen  where  seams  of  coal 
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have  been  accidentally  set  on  fire.  Basalt,  as 
I hinted  before,  is  a real  stone,  composed  of 
different  grains  and  particles  of  other  stones,  such 
as  principally  of  quartz  and  schorl,  with  some  ad- 
mixture or  iron  and  mica,  and  less  or  more  earth, 
according  to  the  perfection  or  debased  quality  of 
the  stone. 

Now,  the  quartz  and  schorl  approach  in  their 
natural  state  to  a crystalline  stone,  that  is,  they 
have  the  fineness  and  purity  of  crystal ; and  al- 
though quartz  is  found  of  several  colours,  and 
scnorl,  as  tar  as  I know,  always  black,  yet  never- 
theless they  both  produce  the  finest  transparent 
uncoloured  crystal  when  vitrified,  unless  there 
is  some  mineral  admixture  to  colour  it.  In  short, 
basalt  is  found,  by  chemical  experiments,  and  by 
every  other  examination,  to  be  as  really  and  truly 
a stone  as  any  other  rock  in  the  world.  But  I 
need  not  proceed.  The  strata  of  basaltine  rocks 
keeping  their  stations  in  the  superficies  of  our 
globe  in  every  country  where  they  are  found  ; 
their  spreading  as  wide,  and  stretching  and  dip- 
ping down  as  far,  as  the  concomitant  strata  which 
are  placed  above  and  below  them  ; and  strata  of 
coal  being  found  and  wrought  both  mediately  and 
immediately  above  the  strata  of  basalt,  are  as  sa- 
tisfactory and  convincing  as  a thousand  demon- 
strations, to  prove  that  it  is  not  lava,  or  crystallized 
from  fusion  by  fire,  but  natural  strata  of  rock ; and 
which  strata  of  rock  bear  a considerable  bul!^,  and 
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are  regularly  placed  among  the  several  other  strata 
which  form  the  stupendous  structure  of  the  solid 
superficies  of  our  globe ; and  if  any  man  doubt 
the  truth  of  this  assertion,  he  may  see  it  with 
his  eyes  in  the  neighbourhood  of  Bo-ness,  in 
many  places  among  the  hills  upon  both  sides  of 
the  road  betwixt  Bo-ness  and  Bathgate,  almost 
all  over  Fife,  and  in  several  other  parts  of  Scot- 
land ; and,  moreover,  there  are  as  regular  and  as 
beautiful  columnar  basalt  in  the  Bathgate  hills  as 
can  be  found  in  any  country,  with  strata  of  coal 
and  of  limestone  above  and  below  the  stratum  of 
columnar  basalt.  This  is  not  a singular  pheno- 
menon in  this  country,  strata  of  basalt  being  very 
Common  in  the  coal-fields  of  the  Lothians,  Fife, 
Ayrshire,  &c.  They  are  also  frequently  found  in 
extensive  strata  in  their  proper  stations  among 
their  concomitants,  in  the  north  of  Scotland,  where 
there  is  no  coal ; which  facts  are  conclusive,  and 
prove  beyond  a doubt,  that  basalt  forms  as  real,  and 
almost  as  extensive  strata  of  rock,  as  any  other  in 
the  structure  of  the  superficies  of  our  globe. 

I will  now  make  some  inquiries  concerning 
tufa,  which  some  of  our  modern  naturalists  say  is 
only  produced  by  volcanic  fires,  which  I deny. 
But  in  order  to  point  out  the  true  origin,  and  to 
illustrate  the  natural  history  of  tufa  or  tofus , it 
may  be  proper  for  me  to  take  a cursory  view  of 
some  stallactitical  productions,  which  are  so  near 
of  kin  to  tufa,  that  they  are  originally  of  the  same 


VOLCANOES,  &C. 


family  ; and  it  is  pretty  generally  known,  that 
the  stallactites  are  stony  concretions. 

That  water  percolates  the  pores,  and  passes 
through  the  fissures  of  the  strata,  is  a well  known 
truth  ; and  it  is  equally  well  known,  that  water 
carries  along  various  particles  in  its  subterraneous 
motion.  While  this  subterraneous  water  is  ex- 
cluded from  the  external  air,  it  continues  to  carry 
about  the  terrene  particles  that  are  combined  or 
mixed  with  it ; but  when  it  issues  out  into  the  ex- 
ternal air,  or  into  any  cavern  or  subterraneous  re- 
ceptacle into  which  air  has  access,  then  the  quan- 
tity of  water  is  immediately  lessened  by  evapora- 
tion, and  of  consequence,  it  must  drop  some  of 
the  minute  fossil  particles  and  leave  them  behind. 
So  long  as  the  subterraneous  water  is  excluded 
from  the  action  of  the  external  air,  it  may  be  so 
perfectly  combined  with  various  heterogeneous 
particles,  as  to  appear  to  be  nothing  but  a pure 
transparent  liquid,  although  it  contains  a con- 
siderable quantity  of  earthy  matter.  “ When  air, 
says  Lord  Karnes,  comes  in  contact  with  water,  it 
proves  a solvent,”  and  melts  it  down  to  steam,  or 
particles  small  enough  to  rise  buoyant  in  the  at- 
mosphere ; which  doctrine  is  certainly  true  ; and  I 
think  this  as  clear  and  evident  as  any  thing  of  the 
kind  can  be,  and  it  helps  to  explain  the  process  of 
nature  in  forming  petrifactions,  concretions,  and 
some  species  of  sediment,  especially  those  of  the 
ochreous  kinds. 
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f water  were  always  to  remain  ill  equal  quan- 
tity and  force  as  when  it  took  up  the  terrene 
particles  in  its  subterraneous  passage,  it  would 
leave  none  of  them  behind  : They  would  all  be 
carried  forward  to  the  sea.  But  the  contrary  is 
the  fact : The  water  is  in  part  dissolved  into  par- 
ticles inconceivably  small,  or  evaporated,  and  the 
stony  particles  are  left  behind  in  caverns, 
which  particles  form,  by  the  gradual  accretion  of 
matter,  the  stailactites,  and  other  stony  concre- 
tions. I have  seen  old  deserted  mines  and  ccal- 
works  contain  great  quantities  of  those  produc- 
tions ; and  in  some  places,  they  form  in  much 
less  time  than  I imagined  before  I saw  it  with  my 
own  eyes. 

A great  many  subterraneous  caverns  are  re- 
plenished with  great  quantities  of  these  stony  con- 
cretions; among  which,  the  caves  ol  I^igg,  at 
the  sea  side,  a little  way  to  the  east  of  the  en- 
trance into  the  bay  of  Cromarty,  are  not  the 
least  remarkable.  All  the  stailactites  in  those 
caves  are  calcareous,  and  of  a very  fine  texture. 
Either  some  corroding  waters  passing  through 
beds  of  lime  dissolve  part  of  it,  or  else  common 
water,  percolating  the  pores  and  crannies  of  the 
strata,  finds  the  lime  by  the  way  in  small  parti- 
cles, which  it  carries  along ; but  when  the  water 
issues  out  of  the  roof  and  sides  of  such  ca- 
verns, it  is  evaporated  slowly,  by  coming  in  con- 
tact with  the  air  in  the  cave,  and  the  stony 
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particles  are  left  behind,  and  lay  the  foundation 
of  those  curious  stallactitical  productions,  which 
are  still  enlarging  and  improving  by  the  conti- 
nual accretion  of  matter ; that  is,  by  the  minute 
particles  which  are  carried  and  left  by  the  water. 
While  the  stony  matter  is  in  a fluid  state,  before 
the  water  has  quite  deserted  it,  it  is  spread  out 
slowly  by  the  remaining  water  over  all  parts  of 
the  mass  actually  forming,  and  then  the  residue 
of  the  water  evaporates  slowly,  and  leaves  the  sto- 
ny matter  there  upon  the  mass ; by  which  process 
petrifactions  and  stony  concretions  are  formed,  and 
gradually  come  to  perfection.  The  greatest  and 
most  material  difference  between  these  concre- 
tions and  those  of  another  quality  is  this : All 
the  stallactitical  bodies  in  the  caves  of  Nigg,  and 
many  others  which  I have  seen,  are  composed 
of  calcareous  particles,  which  effervesce  with  acids, 
and  produce  lime  when  calcined.  The  other 
concretions  are  formed  by  the  same  process  of  na- 
ture, of  vitrifiable  particles,  which  do  not  effer- 
vesce with  acids,  or  produce  lime  by  calcina- 
tion, but  are  easily  vitrified  or  melted  to  glass  or 
slag. 

There  are  great  quantities  of  the  concreted  sub- 
stance called  tufa  in  many  parts  of  Scotland.  Tu- 
fa is  always  found  upon  the  surface  of  the  earth, 
unless  it  should  happen  by  accident  that  some  ad- 
ventitious cover  is  thrown  above  it.  It  is  common- 
ly situated  below  some  small,  slow,. or  weak  springs. 
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and  it  generally  appears  in  a whitish  or  ashen- 
grey  coloured,  porey,  and  moderately  light  marie- 
like  substance,  frequently  spread  out  pretty  wide 
and  high,  resembling  at  a distance  some  whitish 
mishapen  rocks.  I have  seen  much  of  this  con- 
creted substance  wet,  spungy,  and  soft  as  mud, 
while  the  water  which  lodged  the  particles  was 
partly  mixed  with  it  before  it  had  time  to  be  com- 
pletely evaporated ; and  I have  seen  it  dried  and 
indurated  to  various  degrees  of  hardness,  and  pro- 
fitably burnt  for  lime.  The  process  of  Nature,  in 
the  formation  of  this  substance,  is  to  be  explained 
upon  the  same  principles  as  the  stallactites.  A 
small  rill  or  quantity  of  water  issuing  out  to  the 
surface  of  the  ground,  and  carrying  stony  particles 
with  it,  part  of  the  water  is  immediately  evapora- 
ted so  soon  as  it  comes  in  contact  with  the  ex- 
ternal air.  By  this  evaporation,  the  rill  of  water 
is  continually  diminishing  as  it  advances  forward 
from  the  aperture  out  of  which  it  issues,  and 
creeps  among  the  grass  along  the  surface  of  the 
earth ; and  consequently  the  stream  is  retarded 
in  its  motion,  and  some  of  the  stony  particles  are 
at  first  lodged  in  the  grass  or  otherwise  ; and  when 
these  first  lodged  particles  are  accumulated  to 
any  thing  of  a considerable  mass  of  tula,  there  be- 
comes at  last  little  or  no  run  of  water  at  all,  it 
being  detained  in  the  chaotic  mass  of  the  forming 
matter.  A considerable  part  of  the  most  recent 
sediment  frequently  remains  for  some  time  wet. 
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soft,  and  spungy,  like  mud,  in  which  all  the  wa- 
ter that  strains  out  of  the  ground  or  rock  is  ab- 
sorbed and  detained,  until  it  has  time  to  be  eva- 
porated by  degrees,  and  the  concreted  mass  to  ac- 
quire firmness  and  consistence.  I have  frequent- 
ly seen  tufa  forming  immediately  beneath  the  side 
of  lime-rocks,  where  the  quantity  oi  water  was  so 
small,  as  only  to  slide  gently  down  the  rock,  with- 
out forming  a rill;  and  where  the  water  issued  out 
in  such  quantity,  as  to  form  a rill  or  streamlet  at 
the  foot  of  the  rock,  1 have  seen  the  mass  of 
tufa  accumulated  high  and  wide,  and  stretching 
to  a great  distance  below  the  rock;  and  it  is  „ 
worthy  to  be  remarked,  that  where  the  rill  of 
water  issuing  out  of  a lime-rock,  or  elsewhere,  is 
so  strong  and  copious,  summer  and  winter,  as  to 
be  able  to  carry  all  the  stony  particles  away  with' 
it  in  a full  collected  current,  no  mass  of  tufa  shall 
be  accumulated  in  sucn  places ; but  the  bottom 
and  sides  of  the  rill,  or  channel  of  the  little  cur- 
rent, is  generally  covered  with  a whitish  crust,  by 
some  of  the  stony  particles  sticking  to  every  thing 
as  they  pass  along. 

jV  novice  in  the  natural  history  of  fossils  may 
at  first  sight  doubt  the  truth  of  the  assertion,  that 
stallactites  and  tufa  have  the  same  origin  and  effi- 
cient cause,  from  seeing  a very  distinguishable  dif- 
ference in  the  internal  and  external  appearance  of 
the  masses  of  both  kinus ; and  I confess,  that  the 
difference  of  the  inner  and  outer  appearance  of 
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the  masses  of  both  kinds  \ and  I confess,  that  the 
difference  of  the  inner  and  outer  appearance  of 
the  masses  of  both  is  abundantly  obvious ; and, 
therefore,  for  the  satisfaction  of  such,  I will  ex- 
plain the  natural  reason  of  this  apparent  differ- 
ence. - * • 

I observed  before,  in  general,  that  this  differ- 
ence in  appearance  is  occasioned  by  the  different 
ituations  where  they  are  formed  ; but  I must  be 
more  particular  and  explicit. 

Below  ground,  the  stalactites  m caverns  are 
generally  found  hanging  attached  to  the  roof, 
or  adhering  to  the  sides  of  the  cave,  or  formed 
upon  the  floor,  by  drops  of  water  falling  direct- 
ly down  from  the  roof.  In  that  situation,  the 
water  generally  issues  out  in  very  small  quan- 
tity ; and  in  its  descent  from  above,  it  glides  gent- 
y and  smoothly  down. the  surfaces  of  the  masses 
which  are  forming.  The  exhalation  or  evapora- 
tion of  the  water  goes  on  but  slowly  in  that  situa- 
tion, there  being  perhaps  little  air  admitted,  and 
that  little  comparatively  damp  and  ineffectual  for 
Want  of  free  circulation  ; of  consequence,  the  par- 
ticles of  matter,  which  are  very  small,  can  be  laid 
on  the  increasing  mass  but  leisurely,  and,  the 
water  still  gliding  down,  lays  these  small  par- 
ticles close  together  upon  the  mass,  and  keeps 
the  surface  of  it  continually  as  smooth  and  glossy, 
as  if  it  were  polished.  In  the  formation  of  tufa 
upon  the  surface  of  the  eajth,  the  evaporation' 
Vox,.  II,  X> 
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and  waste  of  the  water,  on  the  contrary,  are  more 
copious  and  hasty,  being  exposed  to  the  external 
air  and  sun ; and,  of  consequence,  the  terrene 
particles  are  precipitated  more  hastily,  and  in 
much  greater  abundance;  and  these  particles, 
which  are  large,  are  more  rudely  propelled  and 
huddled  together  into  an  irregular  confused  mass, 
which  swells  and  gorges  in  different  parts,  by  the 
remains  of  the  water  being  detained  in  it,  as 
in  snowr  in  a rainy  day,  which  of  consequence 
must  produce  a loose  porous  misshapen  mass  of  pe- 
trifaction. When  one  quarter  of  the  general 
mass  of  tufa  is  growm  high  and  extensive,  by  the 
stagnating  and  gorging  of  the  wrater  in  pas- 
sing through  the  newly  precipitated  stony  mat- 
ter, as  formerly  mentioned,  the  wrater  then  turns 
aside  from  some  part  of  it,  and  immediately  be- 
gins to  make  an  addition  to  the  bulk  of  the  ac- 

o 

cumulated  mass  upon  the  side  it  nowr  runs  to,  in 
the  same  manner  as  above-mentioned ; and  then 
that  part  of  the  mass  which  the  wrater  has  newly 
left,  gets  time  to  dry  and  harden,  by  degrees,  as 
the  wrater  is  strained  and  evaporated  out  of  it.  I 
have  seen  some  parts  of  large  masses  of  tufa, 
which  wrere  high  above  the  present  course  of  the 
WTater,  dried  and  indurated  to  such  a degree,  as 
to  make  them  difficult  to  be  quarried  for  burning 
to  lime,  although  such  parts,  when  first  formed, 
or  rather  while  forming,  were  nothing  better  than 
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a puddle  of  calcareous  mud,  much  resembling 
half  snow  half  water  in  a rainy  thaw. 


Having  abundantly  unfolded  the  natural  hi- 
stoiy  of  stalactites  and  tufa,  I will  now  proceed 
to  point  out  a few  of  the  many  places  where 
tufa  may  be  found.  There  is  some  of  this  sub- 
stance beneath  a spring  in  the  Hill  of  Carlops, 
about  twelve  miles  south  of  Edinburgh,  upon  the 
north-east  side  of  the  hill,  and  pretty  high  up. 
Some  of  it  contains  a considerable  quantity  of 
moss  and  grass,  which  has  been  enveloped  by  the 
stony  particles,  and  it  is  preserved  in  the  masses 

of  the  tufa  so  perfectly  as  to  look  like  petrified 
moss. 

There  is  -a  quantity  of  tufa  near  Troup,  in 
Aberdeenshire,  situated  near  a lime-kiln  between 
the  house  of  Troup  and  the  village  of  Garden- 
stoun.  I have  seen  tufa  in  the  island  of  Isla  in 
several  places,  particularly  near  the  south  or  south- 
east of  the  limestone  field  in  that  island,  where  I dis- 
tinctly lemember  to  have  seen  one  very  large  par- 
cel of  it  accumulated  like  large  misshapen  rocks*, 
Now,  it  cannot  be  pretended  that  there  are  any 
volcanic  symptoms  near  either  of  those  places. 


. * TJ)e  mineral  substance,  here  called  tufa  by  the  Author, 
y known  by  the  name  of  petrified  moss,  and  is  not  un 
common  in  places  where  water  flows  over  lime-stone.  Such 
'pongs  are  called  petrifying  springs.— Editor  . 
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Having  now  pointed  out  the  true  origin  al*d 
nature  of  tufa,  the  application  ot  what  I have  ad- 
vanced on  the  subject  in  question  is  plain  and 
simple.  It  is  abundantly  evident,  even  to  the 
slightest  inquirer,  that  the  tufa  has  no  more  con- 
nection with,  or  relation  to  volcanoes,  than  to 
any  other  place  where  calcareous  or  other  parti- 
cles of  stony  matter  exist;  and  are  so  situated,  that 
they  can  be  taken  up  and  carried  along  by  water, 
either  into  subterraneous  caverns,  or  out  to  the 
surface  of  the  ground. 

Tufa  may  be  found  upon  a volcanic  mountain, 
in  the  near  neighbourhood  ot  a volcano,  01  of 
volcanic'  matter,  as  well  as  in  any  other  place, 
where  stony  particles  may  be  found  and  earned 
by  water.  Rain  water  and  melted  snow,  perco- 
lating the  strata  of  a volcanic  mountain,  and  issu- 
ing out  of  any  part  of  the  sides  or  bottom  of  the 
mountain,  may  bring  particles  of  stony  matter 
out  with  it,  and  so  tufa  may  be  formed  at  the  bot- 
tom or  upon  the  sides  of  such  a mountain.  And 
a cairn  the  rain  water  and  melted  snow  passing- 
through  the  pores  and  crevices  of  the  strata  of  a 
volcanic  mountain,  and  falling  down  into  the  ex- 
cavations  of  the  volcano,  may  form  tufa  within 
the  cavities  of  the  mountain,  if  the  water  be  com- 
bined with  stony  matter  ; and  it  is  to  be  suppo- 
sed, that  the  water  will  find  plenty  of  it  in  passing 
through  such  extensive  rocks  as  those  of  a large 
volcanic  mountain. 
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If  we  look  attentively  into  this  matter,  we  can 
easily  imagine  the  inside  or  excavations  of  a vol- 
canic mountain  to  be  a plenteous  repository  of 
tufa,  where  it  is  formed  in  greater  abundance, 
and  far  more  expeditiously,  than  it  possibly  can 
be  formed  any  where  upon  the  surface  of  the 
earth.  Some  of  those  mountains  are  known  to 
have  been  volcanoes  for  turo  or  three  thousand 
years,  and  the  quantity  of  lava  and  other  rubbish 
thrown  out  of  them  by  different  eruptions  is  im- 
mense. Now,  the  depth  and  extent  of  the  exca- 
vations of  those  mountains  must  be  in  propor- 
tion to  the  quantities  of  matter  ejected  from 
them.  Upon  some  of  these  mountains,  a prodi-. 
gious  depth  of  lava,  ashes,  and  other  rubbish,  is 
spread  out  for  several  miles  from  the  crater,  and 
other  apertures,  out  of  which  the  several  descrip- 
tions of  volcanic  matter  are  ejected  : What  pro- 
digious excavations  of  consequence  must  there  be 
within  the  bowels  of  such  mountains ! I am  per- 
suaded, that  the  fiery  caverns  of  some  volcanoes 
are  much  deeper,  and  extend  much  further  from 
the  original  craters,  than  we  generally  imagine 
lhe  extent  of  the  excavated  caverns,  or  their 
distance  from  the  apertures,  must  be  in  propor- 
tion to  the  accumulated  or  diffused  state  of  the 
veins  of  pyrites,  or  other  volcanic  fuel.  The  nar- 
rower and  more  confined  these  veins  are,  the  fur- 
tner  from  the  crater  the  subterraneous  excava- 
tions must  extend,  to  produce  such  immense  quan- 
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tities  of  lava,  and  other  rubbish,  which  have  been 
thrown  out. 

It  is  well  known  to  mineralists,  that  pyrites,  and 
other  inflammable  fossils,  are  oftener  found  in  veins 
and  strata,  of  no  great  thickness,  than  in  vast  ac- 
cumulated heaps ; but  such  veins  and  strata  fre- 
quently extend  far  in  the  line  of  bearing ; and 
this  great  length  of  the  veins  is  the  physical  cause 
of  some  volcanoes  advancing  so  far  in  the  horizon- 
tal line,  from  the  bottom  of  the  original  funnel, 
as  sometimes  to  pass  under  the  waters  of  the  sea 
from  the  main  land  to  an  island,  or  vice  versa  ; 
and  it  is  the  cause  of  eruptions  sometimes  in  the 
waters  of  the  sea,  when  a vein  or  stratum  of  vol- 
canic fuel  happens  to  come  up  to  near  the  sur- 
face of  the  solids,  under  the  water  of  the  sea. 
This  too  is  the  real  cause  of  the  duration  of  many 
volcanoes.  If  the  whole  store  of  volcanic  fuel 
were  accumulated  contiguous  to  the  first  volcanic 
aperture,  the  conflagration  would  be  amazingly 
great  and  violent  while  it  lasted;  but  it  would 
soon  consume  all  the  fuel,  though  ever  so  great  in 
quantity ; but,  according  to  the  real  constitution 
of  things,  or,  in  other  words,  according  to  the  na- 
tural history  of  the  mineral  kingdom,  a vein  or 
veins,  a stratum  or  strata  of  combustible  matter, 
not  many  feet  in  thickness,  may  feed  the  internal 
fires  for  several  thousand  years ; but  then  it  is 
necessary  that  the  fire  make  very  extensive  pro- 
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gress  downwards,  and  in  the  line  of  bearing  from 
the  first  crater  of  the  volcano. 

Now,  it  is  easy  to  conceive,  that  this  prodigi- 
ous extent  of  excavation  and  length,  of  course 
must  cut  and  intersect  a great  number  of  subter- 
raneous springs  and  currents  of  water,  which  will 
let  down  a vast  quantity  of  water  into  the  several 
caverns  and  receptacles  of  the  volcano. 

In  some  places,  not  only  large  and  copious 
springs,  but  even  considerable  rivulets,  are  drain- 
ed by  the  progress  of  volcanoes  ; and  every  drop 
of  the  water  so  drained  from  the  surface  must  go 
down  into  the  excavations  of  the  volcano.  It  is 
well  known,  that  water,  in  its  natural  state,  con- 
tains a considerable  quantity  of  earthy,  stony,  or 
saline  matter,  &c.  and  the  dried  springs,  rain 
water,  and  melted  snow,  percolating  the  pores,  and 
passing  through  the  crevices  of  the  strata  of  a vol- 
canic district,  must  carry  down  very  much  stony 
matter  with  it  into  the  various  parts  of  the  exca- 
vations; by  which  means  gieat  quantities  of  tufa 
will  be  formed  or  produced,  in  a comparatively 
short  time,  by  the  immense  heat  of  the  volcano 
evaporating  the  water  to  steam  almost  as  fast  as  it 
falls  down.  It  is  certain,  that  every  drop  of  that 
water  is  evaporated,  and  goes  off  in  steam  ; and* 
of  consequence,  the  stony  particles  carried  down 
by  the  water  will  be  left  behind,  and  tufa  will  be 
thus  formed.  When  the  heat  of  the  volcano  is 
great,  the  water  will  be  evaporated,  and  fly  off 
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in  steam  with  great  rapidity;  and,  of  consequence, 
as  the  stony  particles  cannot  be  evaporated,  the 
subterraneous  tufa  will  form  with  equal  rapidity, 
and  no  doubt  successive  eruptions  will  sweep  it 
out  through  the  crater  and  other  apertures,  and 
lay  it  somewhere  or  other  upon  the  face  ot  the 
country  in  the  neighbourhood  of  the  volcano.  It 
may  be  objected  to  me,  that,  in  my  history  of  stal- 
actites, I stated,  that  those  petrifactions  only  are 
formed  in  subterraneous  caverns,  but  that  tufa  is 
not  formed  there,  but  above  ground ; which  is  true 
of  ordinary  caverns ; but  volcanic  excavations  are 
not  ordinary  caverns.  In  the  cool  receptacles  of 
the  mountains  or  cavernous  shores  of  the  ocean, 
the  progress  in  the  formation  of  stalactites  is  ex- 
ceeding slow,  because  evaporation  is  slow,  on  ac- 
count of  the  small  quantity  of  air  that  is  admit- 
ted there,  and  on  account  of  the  dampness  and 
tardy  motion  of  that  small  quantity  ; whereas,  on 
the  contrary,  in  volcanic  caverns  the  quantity 
must  be  greater,  a thousand  times  hotter,  ana,  of 
consequence,  in  a thousand  times  quicker  circula- 
tion, owing  to  the  greater  heat ; and  the  great 
heat  and  quick  circulation  or  motion  of  the  in- 
ternal air  will  occasion  a prodigious  quick  eva- 
poration, and  of  course  the  terrene  particles  must 
be  huddled  together  very  hastily,  and  left  loose 
and  porous  in  the  form  of  tufa,  lesembling  in  tex- 
ture a mass  of  wet  lump-sugar  01  half  melted  snov  ; 
and  as  it  is  hastily  formed  in  the  cavities  of  the 
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volcano,  so  may  it  be  as  hastily  thrown  out  to  the 
surface  by  different  eruptions,  and  in  the  form  of 
“ liquid  mud,”  as  it  is  called ; at  the  same  time 
l am  confident)  that  it  was  not  the  first  matter 
that  issued  from  Vesuvius,  or  from  any  other  vol- 
cano, although  it  might  flow  out,  or  be  ejected 
many  times  afterwards,  when  the  excavations  of 
the  volcano  became  capacious  and  extensive  e- 
nough  to  admit  sufficient  quantities  of  water  for 
producing  it.  I might  point  out  a great  many 
ways,  how  tufa  may  be  formed  in  the  neighbour- 
hood of  volcanoes,  and  yet  it  might  happen  to  be 
produced  in  many  other  forms  and  situations, 
which  I would  not  be  able  to  conceive  or  ex- 
plain, without  investigating  the  circumstances  up- 
on the  spot : but  I do  not  think  it  necessary  to 
say  any  more  about  the.  matter,  as  I imagine,  that 
what  I have  advanced  in  explanation  of  the  natu- 
ral history  of  tufa,  will  be  abundantly  satisfactory 
to  convince  the  unprejudiced  naturalist,  that  tufa 
has  no  more  to  do  with  volcanoes  than  with  any 
other  places  where  terrene  particles  and  water  may 
he  combined  together,  and  afterwards  either  fall 
into  the  volcanic  excavation,  or  issue  out  to  the 
surface  of  the  ground,  in  situations  favourable  for 
the  production  of  that  petrified  matter. 

From  what  has  been  said,  it  evidently  appear 
that  tufa  is  not  a sufficiently  solid  foundation  up- 
on which  to  build  any  part  of  a hypothesis  re- 
specting the  eternity  or  duration  of  the  world,  it 
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being  an  adventitious  substance,  much  of  which 
is  a recent  production,  is  continually  forming,  and 
it  will  continue  to  be  formed  so  long  as  the  world 
endures  in  its  present  condition  ; and,  therefore, 
it  is  not  necessary  after  this  for  naturalists  to  asso- 
ciate the  idea  of  volcanoes,  or  volcanic  matter, 
with  tufa ; as  it  evidently  appears,  that  it  has  no 
manner  of  relation  to  volcanoes,  any  more  than  to 
other  places,  which  are  favourably  situated  for  its 
production.  It  is  to  be  seen  formed,  and  now 
forming,  in  ten  thousand  places  upon  the  fa/:e  of 
the  earth,  far  enough  from  volcanoes,  or  from  any 
volcanic  matter.  Tufa  is  to  be  seen  formed  and 
forming  in  at  least  a thousand  different  places  in 
Great  Britain  ; and  there  is  no  real  symptom  of  a 
volcano  ever  having  been  within  this  island. 

Perhaps  some  of  these  systematic  gentlemen, 
who  generally  call  in  every  thing  to  countenance 
a favourite  hypothesis,  may  imagine,  and  they  have 
asserted,  that  they  see  tufa  beneath  some  of  the 
real  strata  of  native  rock ; but  they  should  be  a 
little  more  cautious  than  they  often  are  of  assert- 
ing too  boldly  what  they  are  not  sure  of.  Tufa 
may  be  found  at  the  foot  of  a rock,  and  attached 
to  it,  and  if  there  were  any  original  cavern,  it 
may  be  filled  up  with  tufa ; but  it  is  never  found 
between  real  and  regular  strata : and  these  gentle- 
men should  remember,  that  there  is  such  a degree 
of  resemblance  between  some  beds  of  clay  and 
of  marl,  and  other  argillaceous  strata,  and  also  be- 
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tween  some  of  the  mineral  soils,  ochres,  &c.  and 
the  tufa,  as  may  be  readily  mistaken  by  such  gen- 
tlemen as  have  not  had  opportunities  of  much  ac- 
curate observation,  and  long  experience,  in  mat- 
ters relating  to  the  mineral  kingdom. 

That  fossil  substance  found  upon  or  near  the* 
surface  of  the  ground,  called  puzzolano,  may  hap- 
pen to  be  subterranean  tufa,  composed  of  calca- 
reous and  ferruginous  particles,  burnt  to  a great 
degree  in  the  furnace  of  a volcano,  before  it  was 
thrown  out  by  violent  eruptions;  and  the  great  de- 
gree of  heat  it  then  suffered,  with  the  mixture  of 
iron  it  contains,  may  be  the  cause  of  the  absorbent 
quality  which  it  is  known  to  possess;  but  as  I am 
not  very  well  acquainted  with  the  puzzolano,  I 
will  say  no  more  about  it. 

In  this  asra  of  learning  and  science,  an  inqui- 
sitive spirit  of  research,  guided  by  philosophy, 
traverses  the  bounds  of  the  universe  in  pursuit  of 
knowledge,  and  new  discoveries  are  daily  made, 
for  which  all  the  tribute  of  praise  and  acknow- 
ledgment which  the  warmest  gratitude  can  ex- 
press, are  due  to  many  modem  names,  for  the  nu- 
merous local  observations,  and  the  many  facts 
which  have  been  communicated  to  the  world  re- 
lating to  physics  and  antiquity,  since  the  com- 
mencement of  the  eighteenth  century.  But  it 
must  grieve  a benevolent  man,  who  has  more  re- 
gard to  truth  than  to  system,  when  he  sees  so  ma- 
ny men  of  learning  and  worth  strenuously  endea- 
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vouring  to  found  and  support  a system  of  falsehood, 
absurdity,  and  nonsense,  in  opposition  to  the  pheno- 
mena of  heaven  and  earth,  and  in  flat  contradic- 
tion to  the  opinion  and  belief  of  sober  reason  and 
sound  philosophy  in  all  nations,  from  Socrates  to 
Boyle  : — I might  say,  from  the  beginning  of  the 
world  until  now.  Several  modern  philosophers 
may  justly  be  termed  innovators  in  physics  and 

chronology. 

They  pretend  to  prove  to  a demonstration,  that 
the  world  itself  is  of  a much  older  date  than  the 
earliest  accounts  which  are  handed  down  to  us 
from  all  antiquity,  written  or  traditional;  and 
some  of  them  will  allow  it  no  beginning  at  all, 
for  no  other  good  reason  that  I know  of,  but  be- 
cause they  did  not  see  the  beginning  of  it.  I will 
relate  one  pretended  fact,  which  has  been  lately 
discovered  and  made  use  of,  to  overthrow  the  chro- 
nology of  the  Pentateuch,  and  indeed  all  ancient 
chronology  whatever  ; which  fact  is  said  to  be 
“i  attested.  It  is  related  in  Btydone's  tour 
through  Sicily  and  Malta,  I give  it  in  his  own 

words : . . 

a When  we  came  near  the  sea  m the  neigh- 
bourhood of  Catania,  I was  desirous,  to  see  what 
form  the  lava  had  assumed  in  meeting  with  the 
water.  I went  to  examine  it ; and  found  it  drove 
back  the  waves  for  upwards  of  a mile,  and  had 
formed  a large  black  high  promontory,  where  be- 
fore it  was  deep  water.  This  lava,  I imagined, 
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from  its  barrenness,  for  it  is  as  yet  covered  with  a 
very  scanty  soil,  had  ran  from  the  mountain  but 
a few  years  ago ; but  was  surprised  to  be  informed 
by  Signor  Recupero,  the  historiographer  of  iEtna, 
that  this  very  lava  is  mentioned  by  Diodorus  Sicu- 
lus to  have  burst  from  vEtna  in  the  time  of  the 
second  Punic  war,  when  Syracuse  was  besieged 
by  the  Romans.  A detachment  was  sent  from 
Tauraminium  to  the  relief  ot  the  besieged.  1 hey 
were  stopt  in  their  march  by  this  stream  of  lava, 
which  had  reached  to  the  sea  before  their  arrival 
at  the  foot  of  the  mountain,  and  entirely  cut  off 
their  passage,  and  obliged  them  to  return  by  the 
back  of  iEtna,  upwards  of  an  hundred  miles  a- 
bout.  His  authority  for  this,  he  tells  me,  was  ta- 
ken from  inscriptions  from  Roman  monuments 
found  in  this  lava,  and  that  it  was  well  ascertained 
by  many  of  the  old  Sicilian  authors. 

“ Now,  as  this  was  about  two  thousand  years 
ago,  one  would  have  imagined,  if  lava  have  a re- 
gular progress  in  becoming  fertile  fields,  that  this 
must  long  ago  have  become  at  least  arable.  This, 
however,  is  not  the  case  ; and  it  is  as  yet  only 
covered  with  a very  scanty  vegetation,  being  in- 
capable either  of  producing  corn  or  vines.  There 
are,  indeed,  pretty  large  trees  growing  in  the  cre- 
vices, which  are  full  of  a very  rich  earth  ; but,  in 
all  probability,  it  will  be  some  hundred  years  yet 
before  there  is  enough  of  this  to  render  it  of  any 
use  to  the  proprietors. 


62  VOLCANOES,  Sec. 

j 

Near  to  a vault,  which  is  now  thirty  feet  be- 
low ground,  and  has  probably  been  a burial-place, 
there  is  a draw-well,  where  there  are  several  strata 
of  lavas,  with  earth  to  a considerable  thickness  o- 
ver  the  surface  of  each  stratum.  Recupero  has 
made  use  of  this  as  an  argument  to  prove  the  vast 
antiquity  of  the  eruptions  of  this  mountain.  For 
if  it  require  two  thousand  years  or  upwards  to 
form  but  a scanty  soil  on  the  surface  of  a lava, 
there  must  have  been  more  than  that  space  of 
time  betwixt  each  of  the  eruptions  that  has  formed 
these  strata.  But  what  shall  we  say  to  a pit  they 
sunk  near  to  Jaci  of  a great  depth.  They  pierced 
through  seven  distinct  lavas,  one  over  the  other, 
the  surfaces  of  which  were  parallel,  and  most  of 
them  covered  with  a thick  bed  of  fine  rich  earth. 
Now,  says  he,  the  eruption  that  formed  the  lowest 
of  these  lavas,  if  we  may  be  allowed  to  reason 
from  analogy,  must  have  flowed  from  the  moun- 
tain at  least  fourteen  thousand  years  ago.” 

I will  not  pretend  to  dispute  the  date  when  the 
promontory  was  formed  by  the  lava,  nor  do  I 
question  the  authenticity  and  accuracy  of  the  ex- 
periment of  the  pit.  I give  the  same  credit  to 
both  which  I do  to  other  historical  facts ; but  I 
have  several  things  to  observe  concerning  the  con- 
clusions drawn  from  those  facts. 

In  the  first  place,  I would  ask  the  gentleman 
who  was  present  at  digging  the  pit,  if  he  be  cer- 
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lain  that  the  lava  did  decay  at  all,  so  as  to  be 
converted  into  soil?  I think  the  case  very  doubt- 
lul,  especially  it  the  lava  were  perfect  or  tho- 
roughly vitrified ; and  their  finding  such  a num- 
bei  ot  strata  of  soil  and  lava  alternately,  makes  it 
still  more  doubtful. 

Is  it  well  ascertained,  that  the  surface  ot  a stra- 
tum of  lava  decays  and  moulders  down  before  the 
Centre?  If  they  say  it  is,  I then  ask  how  they 
came  by  this  certainty  ? Is  it  by  observation  and 
experience  ? If  it  be,  then  it  must  happen  within 
a much  shorter  period  of  time  than  the  one  laid 
dowm  to  calculate  the  age  of  the  wror!d  by,  as  no 
men  in  these  ages  live  up  to  two  hundred  years. 

But  it  is  wrell  known  to  all  those  who  are  in  the 
least  acquainted  with  the  history  of  volcanoes, 
that  prodigious  showers  of  ashes  are  frequently 
thiown  out  of  the  craters,  and  sometimes  to  a 
great  distance,  producing  a stratum  of  good  soil  at 
once,  and  as  effectually  in  less  than  two  score,  as  in 
, two  thousand  years.  That  ashes,  pumice,  and  other 
rubbish  are  very  frequently  thrown  out  of  volca- 
noes, and  spread  wide  over  the  face  of  the  coun- 
tiy,  is  too  commonly  known  to  admit  of  any  dis- 
pute, and  certainly  these  showers  of  ashes  will  fall 
upon  beds  of  lava,  as  well  aspupon  any  other  part 
of  the  country ; and  as  the  contiguous  parts  of  the 
country  next  the  volcano  are  generally  covered 
vuh  lava,  the  showers  of  rubbish  and  ashes  have 
a greater  chance  to  fall  upon  lava  than  upon  anv 
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other  -round.  I made  it  evident  before,  that  tuti 
is  formed  very  expeditiously  in  the  excavations 
of  volcanoes ; and  I have  all  the  reason  m the. 
world  to  believe,  that  there  is  a proportion  of  tu  a 

in  these  showers  of  ashes.  ^ . 

There  is  no  room  to  doubt  cf  there  being  tu  c. 

mixed  with  the  ashes;  and  this  mixture  will  gredtlv 
enrich  the  composition,  and  hasten  its  conversion 
into  good  soil.  Now,  the  situation  of  the  above- 
mentioned  promontory  is  not  so  favourable  for  ac- 
ouiring  a thick  coat  of  soil  in  so  short  a space  o, 
time.  Its  distance  and  site  may  not  be  convenient 
for  receiving  showers  of  ashes  ana  rubbish ; am. 
moreover,  a promontory  is  so  exposed  a situation, 
that  every  thing  is  blown  from  it.  I have  seen  the 

Ion  evidently  decreasing  upon 'some  promontones 
in  Britain,  and  mostly  all  blown  off  the  exaemny 
of  several  in'  Aberdeenshire,  Caithness,  8*c.  bul 
J need  not  multiply  words.  It  is  obvious  to  every 
unprejudiced  inquirer  who  will  examine  c11™1- 
stances,  that  there  might  be  a greater  dept.,  or 
til  made  upon  the  one  place  in  less  than  twm 
score  of  years,  than  upon  the  other  in  much  more 
Tn  two  thousand.  When  I look  seriously  m o 
this  subject,  I cannot  help  admiring  the  ciedu  iy 
of  those  gentlemen  in  building  so 
an  insufficient  foundation.  Some  of  these 
brated  facts  are  founded  upon  single  local  circum- 
stances, are  but  slightly  attested,  and  it  is  miposs  - 
;ie  to  prove  the  truth  of  the-  conclusions.  They 
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are  founded  upon  hypothesis  alone  ; and,  more- 
over, the  fact  I hinted  before  of  showers  of  ashes, 
&c.  mixed  with  tufa,  overthrows  the  hypothesis, 
and  makes  all  their  reasonings  upon  it  chimerical 
and  absurd.  It  is  highly  probable,  that  the  boast- 
ed experiments  or  pits  were  made  on  purpose  to 
countenance  an  established  persuasion.  I care  not 
what  name  or  figure  any  one  of  those  gentlemen 
bears  in  the  world.  He  is  a man,  and  so  am  I, 
and  as  such  I am  as  deeply  interested,  as  an  indi- 
vidual, in  all  the  concerns  of  this  world,  and  that 
which  is  to  come,  as  he  is ; and,  therefore,  I have 
a right  to  examine  the  truth  of  what  he  proposes 
to  me  upon  so  interesting  a subject,  and  to  detect 
the  fallacy  of  his  propositions,  if  it  be  in  my 
power,  and  I think  it  my  duty  so  to  do. 

In  this  freedom  of  inquiry,  I will  venture  to 
suggest,  that  if  any  man,  or  number  of  men,  were 
to  take  the  history  of  the  experiments  upon  the 
lava  in  their  hands,  proceed  to  the  spot,  and 
dig  a hundred  pits  through  all  the  strata,  I doubt 
if  their  discoveries  shall  correspond  with  the  his- 
tory, or  come  any  thing  near  it;  no,  not  in  one 
single  place  out  of  the  hundred  ; and  the  reason 
is  plain  and  obvious.  Volcanoes,  with  their  erup- 
tions and  lava,  are  not  regular  operations  of  na- 
ture, but  dreadtul  accidents,  attended  with  the 
most  horrible  confusion  and  disorder.  It  is  an  in- 
dubitable fact,  attested  by  a multitude  of  unpre- 
judiced eye-witnesses,  that  eruptions  of  volcanoes 
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are  sometimes  exploded  with  such  amazing  vio- 
lence, as  to  force  a prodigious  quantity  of  matter 
high  up  into  the  air ; and,  at  other  times,  these 
astonishing  explosions  throw  the  matter  many 
miles  off  into  the  sea,  or  on  to  the  land,  which  fre- 
quently makes  great  havock  and  devastation. 

When  lava  issues  out,  it  is  attended  in  its  ap- 
pearance and  consequences  with  still  greater  hor- 
ror and  destruction.  Fields,  woods,  stone-walls, 
and  populous  towns,  are  all  irresistibly  driven  be- 
fore it.  In  such  horrible  confusion,  it  is  impos- 
sible to  ascertain  the  numberless  accidents  that 
mav  happen.  All  the  vegetable  and  combusti- 
ble substances  that  come  in  contact  with  the  fire, 
will  he  consumed  at  once  ; but  the  upper  soil  ot 
the  desolated  fields  will  be  driven  before  the  pro- 
digious weight  of  the  fiery  deluge,  and  thrown  in 
all  directions.  Some  parcels  of  it  may  be  inclosed 
or  overwhelmed  betwixt,  layers  of  burning  matter, 
and  other  parcels  of  it  may  be  surrounded  by 
meeting  currents  of  fluid  fire,  and  form  little 
islands  or  nests  of  soil,  which  will  he  overflowed 
and  buried  by  the  next  deluge  of  fire  that  issues 
out,  perhaps  that  very  day,  or  the  next,  or  the  next 
vear  And  will  any  sober  man  pretend  to  diaw 
important  inferences  from  such  devastations  and 
utter  confusion  as  this,  and  call  them  well  attested 
facts  ? Their  credulity  appears  to  me  as  astonish- 
ing as  the  confusion  upon  which  they  build  then- 
inferences,  if  they  really  be  deceived  by  such 
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false  lights ; but  if  they  are  not,  why  then  the 
gentlemen  are  pleased  to  divert  themselves  with 
bur  ignorance  and  credulity.  To  think  them 
serious,  is  but  a very  poor  compliment  to  their  pe- 
netration and  philosophy.  But  I take  up  to© 
much  time  in  exposing  such  vague  and  fallacious 
conclusions.  It  is  fully  evident  from  what  has 
been  said  before,  as  well  as  from  some  parts  of 
their  own  histories  of  volcanoes,  that  the  pheno- 
mena which  they  discover,  and  build  upon,  might 
all  happen  within  fourteen  hundred  years,  as  well 
as  in  fourteen  thousand  years  twice  told. 
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APPENDIX 


BY  THE  EDITOR. 


In  the  preceding  Work,  it  seems  to  have  been  the  view 
of  the  Author  to  enter  fully  into  the  detail  of  facts,  rela- 
tive to  two  very  important  objects  of  geological  investi- 
gation, namely,  the  natural  history  of  coal  and  of  metal- 
lic veins.  His  situation  and  pursuits,  during  great  part  of 
his  life,  afforded  him  every  facility  of  extensive  observa- 
tion in  that  department  of  geology,  and  rendered  the 
knowledge  of  those  objects  more  familiar  than  that  of 
others  of  a kindred  nature.  This  will  probably  account 
for  many  deficiencies,  and  some  obscurity,  in  the  discussion 
of  different  subjects  less  immediately  connected  with  the 
two  great  objects  of  investigation  above  alluded  to.  The 
Reader,  who  is  at  all  acquainted  with  the  present  state  of 
geological  knowledge,  will  be  at  once  aware  of  what  I 
have  now  stated ; and,  considering  the  view  which  seems 
to  have  guided  the  Author  in  his  researches,  the  reader, 
who  shall  expect  in  his  Treatise  a complete  system  of 

s 

geology,  must  be  disappointed.  But,  besides,  it  would 
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be  uncandid  and  unjust  to  fprget,  that  since  the  time  in 
which  the  Author  wrote,  innumerable  facts  have  been  dis- 
covered, and  a great  body  of  information  has  been  ac- 
cumulated in  the  science  of  geology,  of  which  he  could 

not  avail  himself.  The  object  of  this  Appendix  is  to 

# . ■ ' 

supply  the  deficiencies  and  omissions  which  were  una- 
voidably occasioned  by  the  scantiness  of  the  Author’s 
materials,  and  to  lay  before  the  Reader  as  complete  a view 
of  this  department  of  natural  history  as  the  limits  neces- 
sarily assigned  to  it,  and  the  present  state  of  our  know* 

\ 

ledge,  will  admit. 


INTRODUCTION. 


I 

53efore  proceeding  to  the  consideration  of  the 
nature  of  the  materials  of  which  the  surface  of 
the  earth  is  composed,  and  the  manner  in  which 
they  are  distributed,  w*hich  are  more  peculiarly 
the  objects  of  the  present  investigation,  I shall 
employ  a few  preliminary  observations  in  noti- 
cing some  general  facts  relative  to  the  history  of 
the  earth.  The  facts  now  alluded  to  refer,  1. 
To  the  Figure  of  the  Earth  ; 2.  Its  Density  and 
Magnitude ; 3.  The  Inequalities  of  its  Surface ; 4. 
Proportion  of  Land  and  Mater  ; and  5.  The  Con- 
stituent parts  of  Minerals. 

I.  Figure  and  Magnitude  of  the  Fourth. — The  fi- 
gure of  the  earth  is  nearly  spherical.  The  proofs 
which  are  usually  adduced  to  establish  this  fact, 
are  derived  from  observations  made  on  the  sailing 
nt  a ship,  as  it  leaves  or  approaches  to  the  land  ; 
on  eclipses  of  the  sun  and  moon  ; the  rising  and 
string  of  the  sun,  moon,  and  stars ; going  or  sail- 
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ing  in  a direct  line  to  the  north  or  south ; and, 
lastly,  sailing  round  the  globe.  When  a ship  sails 
from  the  land  the  hull  first  disappears,  and  next, 
as  the  distance  is  increased,  the  lower  sails,  and 
last  of  all  the  top  of  the  masts : But  when  the  ship 
is  approaching  to  the  land  where  the  spectator  is 
placed,  the  top  of  the  masts  is  first  seen,  next  the 
sails,  and  last  of  all  the  hull  appears.  The  shadow 
of  the  earth,  on  the  face  of  the  moon  in  eclipses, 
is  always  circular,  in  whatever  way  that  shadow 
may  be  projected,  and  whatever  may  be  the  va- 
riation of  its  diameter,  arising  from  the  greater  or 
less  distance  from  the  earth.  The  shadow  there- 
fore being  circular,  the  body  projecting  it  must 
also  be  spherical.  The  rising  and  setting  of  the 
heavenly  bodies  afford  another  proof  of  the  sphe- 
rical figure  of  the  earth.  The  sun,  moon,  and 
stars,  rise  and  set  sooner  to  the  eastward  of  any 
given  place  on  the  earth’s  surface  than  to  the 
westward  of  the  same  place.  In  going  or  sailing 
to  the  northward,  the  stars  of  the  northern  hemis- 
phere become  more  elevated,  while  those  of  the 
southern  hemisphere  are  more  depressed.  The 
spherical  figure  of  the  earth  is  also  fully  establish- 
ed by  ships  having  sailed  round  the  globe. 

The  sphericity  of  the  globe  being  admitted,  a 
great  deal  of  investigation  and  discussion  has  ta- 
ken place  to  determine  whether  it  should  be  con, 
sidered  as  a perfect  sphere,  or  what  were  the  de- 
viations from  this  form.  It  was  observed,  that  the 
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vibrations  of  the  pendulum  were  slower  in  places 
near  the  equator,  but  became  quicker  in  ap- 
proaching towards  the  poles ; and  hence  it  was 
concluded,  that  the  places  about  the  equator  were 
farther  removed  from  the  centre  of  the  earth  than 
the  places  near  the  poles,  where  the  vibrations  of 
the  pendulum  were  found  to  be  quicker ; and 
that  the  figure  of  the  earth  must  therefore  ap^ 
proach  to  the  shape  of  an  orange,  or  an  oblate 
spheroid,  generated  by  the  rotation  of  an  ellipse 
about  its  shortest  diameter.  This  subject  engaged 
the  attention  and  profound  physical  knowledge  of 
Newton  and  Huygens ; and  since  their  time,  has 
exercised  the  sagacity  and  mathematical  skill  of 

.'V  * • « ■'  •.  ». 

many  eminent  philosophers  in  tracing  the  cause, 
and  in  ascertaining  the  amount  of  the  difference 
between  the  polar  and  equatorial  diameters  of  thq 
earth.  According  to  the  calculation  of  Newton, 
and  supposing  the  density  of  the  earth  to  be  uni- 

• ' * V ' 

formly  the  same  throughout,  the  diameter  at  the 
equator  is  to  the  diameter  at  the  poles  as  692 
to  689,  or  nearly  as  230  to  229  ; or,  according  to 


others,  as  215  to  21 4.  Proceeding  on  the  same  data, 
the  greater  or  equatorial  diameter  is  calculated  at 
7950  English  miles,  and  the  shorter  or  polar  dia- 
meter at  7913,  the  difference  between  the  two  di- 
ameters being  about  37  English  miles. 

The  measurements  of  degrees  of  the  meridian 
at  the  equator,  and  towards  the  north  pole,  still 
farther  demonstrate  the  figure  of  the  earth  to  be 
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that  of  an  oblate  spheroid.  And  from  these  mea- 
surements, from  observations  and  calculations, 
taking  the  mean  of  the  whole,  the  magnitude  is 


nearly  as  follows : 

Diameter  in  miles 7958. 

Circumference 25,000. 


Superficies  in  square  miles...  198,944,206. 

Solidity  in  cubic  miles  2(33,930,000,000. 

2.  Density  of  the  Earth . — The  density  of  the. 
earth  has  been  calculated  and  deduced  from  the 
observations  made  by  Dr  Maskelyne  on  the  moun- 
tain Schehallien  in  Perthshire,  in  Scotland.  The 
attraction  of  that  mountain  on  a plummet  was 
observed ; and  its  mass,  which  consists  of  stone, 
was  computed  from  a number  of  sections  in  all 
directions.  Comparing  these  data  with  the  known 
attraction  and  magnitude  of  the  earth,  the  gravity 
or  mean  density  is  found  to  be  as  9 to  2 oi  water  * 
that  is,  the  weight  of  the  whole  mass  of  the  earth 
is  44-  times  greater  than  its  hulk  of  water.  The 
density  of  the  earth  thus  discovered,  being  near- 
ly double  that  of  common  stone,  of  which  by  far 
the  greater  part  of  the  superficial  parts,  with 
which  we  are  acquainted,  are  composed,  has  led 
to  an  inference,  that  the  central  parts  are  occupied 
by  heavier  substances  than  the  stony  matters  of 
the  globe,  and  probably  by  a large  mass  of  me- 
tallic matters. 
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3.  Inequalities  of  the  Surface  of  the  Earth. — The  in- 
equalities on  the  surface  of  the  earth  may  be 
considered  as  one  of  its  most  striking  features, 
and  produce  that  agreeable  diversity  of  scene 
and  climate  which  arise  from  hill  and  flale, 
mountain  and  valley.  But  whatever  be  the  gran- 
deur and  immensity  of  this  natural  scenery  as 
it  appears  to  the  circumscribed  view  of  the  spec- 
tator, it  sinks  almost  to  nothing  when  compared 
with  the  magnitude  of  the  earth,  and  does  not 
proportionally  exceed  the  elevations  and  depres- 
sions on  the  surface  of  an  orange,  or  the  particles 
of  dust  on  a small  artificial  globe. 

Mountains  are  sometimes  found  single,  but  are 
oftener  thrown  together  in  groups,  or  arranged  in 
ridges  or  chains  traversing  a great  extent  of  coun- 
try, proceeding  through  a continent  in  a longi- 
tudinal direction,  or  assuming  in  their  mode  of 
distribution  a crescent  form.  In  ridges  or  chains 
of  mountains,  which  run  from  north  to  south,  the 
western  declivity  is  abrupt,  and  the  eastern  gra- 

N V » 

dual  and  gentle  ; but  when  the  direction  of  the 
chain  is  from  east  to  west,  the  south  side  of  the 
chain  is  the  steepest.  The  Cordilleras,  which  ex- 
tend the  whole  length  of  South  America,  afford 
a good  example  of  this  fact  on  a large  scale. 
The  western  side  towards  the  Pacific  Ocean  is 
steep,  but  the  ascent  on  the  eastern  side  towards 
the  Atlantic  is  gradual  and  gentle.  The  moun- 
tains which  skirt  the  western  shores  of  Britain 
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present  a steep  and  often  precipitous  aspect  to  the 
west,  and  a gentle  declivity  to  the  east.  Salisbury 
Craigs  and  Arthur’s  seat,  in  the  vicinity  of  Edin- 
burgh, present  a similar  illustration  in  miniature, 
having  on  the  east  side  a gentle  slope,  and  nearly 
a perpendicular  front  to  the  west.  The  Pyrenees, 
which  divide  France  from  Spain,  and  run  from 
east  to  west,  are  steepest  on  the  southern  side. 

The  height  of  mountains  in  different  parts 
of  the  globe  is  various.  Ben  Nevis  in  Inver- 
ness shire,  in  Scotland,  which  is  the  highest  moun- 
tain in  Britain,  is  little  more  than  4300  feet  above 
the  Jevel  of  the  sea;  Mount  Blanc,  one  of  the 
Swiss  Alps,  and  the  highest  European  mountain, 
is  about  15,600  feet;  and  Chimborazo,  the  sum- 
mit of  the  Andes  or  Sputh  American  chain,  rears 
its  snowy  head  immediately  under  the  equator  to 
the  astonishing  height  of  20,000  feet.  But  there 
is  some  ground  for  conjecture,  that  this  extraordi- 
nary elevation  is  even  exceeded  by  that  of  the 
mountains  of  Tibet,  situated  for  in  the  interior  of 
the  extensive  Asiatic  continent,  some  ot  which 
are  covered  with  perpetual  snow,  but  in  latitude 
'>5°  N.,  and  were  seen  at  the  distance  o 300 

miles*. 

. proportion  of  Land  and  Water  on  the  Surface 
bf  the  Earth.- Tbe  proportion  of  the  superficial  ex- 


* Turner’s  Embassy. 
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tent  of  the  globe,  occupied  by  land  and  water, 
has  been  variously  estimated.  According  to  Buf- 
fon  and  some  other  philosophers,  assuming  the 
existence  of  a southern  continent,  which  seems 
now  to  be  fully  disproved,  the  proportion  of  land 
and  water  is  nearly  equal.  But  it  has  been  as- 
certained by  the  observations  and  calculations  of 
others,  that  the  proportion  of  the  surface  of  the 
sea  is  to  that  of  the  land  as  two  to  one.  To 
settle  this  point  by  actual  experiment,  an  ingeni- 
ous contrivance  has  been  thought  of : The  paper 
which  covers  a terrestrial  globe  being  as  nearly 
as  possible  of  equable  thickness,  and  carefully 
divided  with  a pair  of  scissars,  the  parts  repre- 
senting the  land  and  the  water  separated  and 
weighed,  indicate  the  proportion  of  two  thirds  of 
the  latter,  and  one  third  of  the  former. 

The  depth  of  the  sea  has  not  been  more  accu- 
rately determined  than  its  extent  of  surface.  It 
has  never  been  actually  sounded  much  deeper 
than  a mile ; but  so  far  as  observation  goes,  the 
depth  seems  to  increase  in  proportion  to  the  dis- 
tance from  the  coast.  Near  the  land  the  depth 
of  the  sea  bears  some  relation  to  the  height  of 
the  mountains  in  the  neighbourhood ; and  if  this 
hold  through  the  whole  extent  of  the  ocean,  its 
greatest  depth  is  not  more  than  four  or  live  miles; 
the  most  elevated  mountains  do  not  exceed  this 
height  above  the  level  of  the  sea.  The  bottom  of 
the  ocean,  so  far  as  it  has  been  explored,  bears 
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a striking  resemblance  to  the  surface  of  the  dry 
land,  exhibiting  a varied  scene  of  rugged  rockss 

lofty  mountains,  and  deep  valleys. 

Attempts  have  been  made  to  determine  the 

quantity  of  water  in  the  ocean  ; but  it  is  perfectly 
obvious  that  the  result  of  calculations,  proceed- 
ing on  data  so  extremely  uncertain,  cannot  be 
very  accurate.  Taking  the  surface  of  the  ocean 
at  two  thirds  of  the  superficies  of  the  globe,  or 
132,629,470  square  miles,  and  supposing  the  me- 
dium depth  of  the  sea  to  be  one  fourth  of  a mile, 
the  quantity  of  water  will  amount  to  about 
33,157,367  cubic  miles. 

5.  Constituent  Parts  of  Minerals. — The  wonder- 
ful diversity  of  form,  and  rich  variety  of  colours, 
which  are  exhibited  in  the  productions  of  the 
mineral  kingdom,  would  at  first  sight  lead  to  the 
supposition,  that  the  number  of  constituent  parts 
which  enter  into  their  composition  is  immense. 
But  the  researches  of  modern  chemistry  have  dis- 
covered only  a few  simple  substances,  which  be- 
ing variously  modified  and  combined,  afford  that 
splendid  display  of  mineral  riches  with  which 
the  repositories  of  the  objects  of  this  department 
of  nature  are  stored.  The  number  of  simple  sub- 
stances, that  is,  such  as  seem  unsusceptible  of 
farther  decomposition,  which  have  been  hitherto 
detected  in  mineral  bodies,  amounts  to  about 


INTRODUCTION. 


19 


forty -seven,  as  will  appear  from  the  enumeration 
in  the  following  Table : 


Oxygen 

Magnesia 

Lead 

Azote 

Alumina 

rip  • 

I :n 

Hydrogen 

Silica 

Bismuth 

Carbone 

Yttria, 

Antimony 

Phosphorus 

Glucina 

Cobalt 

Sulphur 

Zirconia 

Nickel 

Acids. 

Metals. 

Manganese 

Muriatic  acid 

Platina 

Molybdena 

Fluoric  acid 

palladium 

Arsenic 

Boracic  acid 

Rhodium 

Tungsten 

Alkalies. 

Iridium 

Titanium 

Potash 

Osmium 

Uranium 

Soda* 

Gold 

Tellurium 

Earths. 

Mercury 

Chromium 

Lime 

Silver 

Columbium 

Barytes 

Copper 

Tantalium 

Strontites 

Iron 

Cerium. 

Of  the  simple  substances  above  enumerated,  it 
may  be  observed,  that  they  are  rarely  found  in 


* Potash  and  soda  have  been  decomposed  by  means  of  gal- 
vanism ; and  their  constituent  parts  seem  to  be  oxygen  arid 
a metallic  base.  But  as  the  nature  and  properties  of  this  me- 
tallic substance  are  yet  very  imperfectly  known,  I have  still 
arranged  them  with  the  simple  substances.  I.ime,  baryte?, 
and  other  earths,  which  approach  to  the  alkalies  in  some  of 
their  properties,  and  therefore  called  alkaline  earths,  are  sup- 
posed also  to  be  compounds. 
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nature  uncombined,  or  in  a state  of  purity.  Oxy~ 
gen  is  frequently  combined  with  many  ot  the 
metals  in  the  state  of  oxide,  as  in  the  case  of  iron 
or  tin,  with  which  it  forms  the  oxide  of  iron  or 
tin,  a common  ore  of  those  metals.  The  pro- 
duct of  azote  with  oxygen  is  nitric  acid,  which 
latter  with  potash  constitutes  native  nitre  or  salt- 
petre ; and  the  product  of  azote  with  hydrogen 
affords  ammonia,  which  in  combination  with  mu- 
riatic acid  forms  native  sal  ammoniac.  Water  is 
a compound  of  hydrogen  and  oxygen.  Carbone, 
phosphorus,  and  sulphur,  are  severally  the  bases 
of  acids,  which  enter  largely  into  the  composition 
of  various  earthy  and  metallic  salts.  IMunatic 
acid  is  a component  part  of  common  salt  and  sal 
ammoniac.  rihe  beautiful  mineral  production 
known  by  the  name  of  fluor  or  Derbyshire  spar, 
consists  of  fluoric  acid  and  lime  ; and  boracic 
-acid  with  magnesia  forms  boracite  or  borate  of 
magnesia.  Potash  and  soda  have  been  detected  in 
intimate  union  with  stony  bodies  ; and  the  earths 
are  usually  combined  with  each  other,  and  with 
acids,  or  are  slightly  contaminated  with  metallic 
matters.  The  metals  too,  as  they  are  presented  to’ 
us  by  nature,  rarely  appear  in  a state  of  perfect 
purity;  for  they  are  either  alloyed  with  each 
other,  or  combined  with  oxygen  forming  oxides, 
or  with  acids  forming  salts ; and  in  the  various 
states  of  combination  now  specified,  they  are 
seldom  entirely  free  from  some  portion  of  earthy 

substances. 
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The  connection  of  mineralogy  and  geology  has 
been  not  unaptly  compared  to  that  which  subsists 
between  the  alphabet  and  words  of  a language  ^ 
and  as  the  knowledge  of  the  letters  is  previously 
necessary  to  understand  the  words  and  structure 
of  language,  so,  to  have  a distinct  conception 
of  the  structure  of  the  surface  of  the  globe,  it 
is  essentially  requisite  to  be  acquainted  with 
the  nature  and  characters  of  the  objects  of  which 
it  is  composed.  This  is  the  peculiar  province 
of  mineralogy ; of  which  it  is  proposed  to  give 
a slight  sketch,  before  proceeding  to  consider 
tne  general  distribution  and  relative  position  of 
mineral  substances.  The  history  of  some  of 
the  more  important  objects  of  the  mineral  king- 
dom, particularly  coal  and  metallic  substances, 
will  next  occupy  our  attention.  The  disturbances 
on  the  surface  of  the  earth,  occasioned  by  earth- 
quakes and  volcanoes,  and  the  causes  which  are 
supposed  to  operate  in  the  exhibition  of  those  aw- 
tul  phenomena,  will  afterwards  be  treated  of. 
And,  lastly,  it  is  intended  to  take  a short  view  of 
some  of  the  theories  which  have  been  proposed 
to  account  for  the  formation  and  distribution  of 
mineral  substances.  These  topics  will  form  the 
subjects  of  the  following  Chapters. 

$ 
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CHAP.  I. 

OF  MINERALOGY. 


The  objects  of  the  Mineral  Kingdom,  from  the 
peculiar  view  under  which  they  are  considered, 
are  arranged  into  two  great  divisions  ; the  first, 
including  simple  minerals,  or  such  as  appear,  horn 
their  external  characters,  to  be  of  a homogeneous 
nature  ; and  the  second,  comprehending  compound 
minerals,  or  aggregates  of  two  or  more  simple  sub- 
stances united  in  the  same  mass.  Quartz,  feld-spar, 
and  mica,  as  they  appear  to  the  eye,  are  homoge- 
neous substances,  and  therefore  are  denominated 
simple  minerals  ; but  when  they  are  united  into 
the  same  mass,  constituting  granite,  the  aggie 
gate  thus  formed  is  a compound  mineral.  Ac- 
cording then  to  this  arrangement  I shall,  m the 
following  sections,  first  consider  Simple  Minerals, 
and,  secondly,  Compound  Minerals  or  Aggregates. 
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OF  SIMPLE  MINERALS. 
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Oimple  minerals,  without  regarding  their  mode 
ot  distribution,  or  relative  position,  as  they  exist 
m the  earth,  but  considered  as  a group  of  un- 
connected individuals,  have  been  divided,  partly 
according  to  the  nature  of  their  constituent  parts, 
and  paitly  according  to  their  external  characters, 
into  four  classes,  viz.  I.  Earths  and  stones ; II 
Salts;  III.  Combustibles  ; and,  IV.  Metallic  Ores. 
But  befoie  attempting  the  following  brief  sketch 
of  mineralogy,  it  ought  to  be  observed,  that  it  is 
far  from  my  intention  to  give  a full  description  of 
the  objects  which  it  embraces ; for  this,  and  for 
the  elements  of  this  department  of  natural  history, 

I must  refer  to  the  works  which  are  professedly 
a nt ten  on  the  subject.  I propose,  therefore,  to 
notice  chiefly  those  minerals  which  are  remark- 
able, either  on  account  of  some  peculiarity  of  cha- 
racter or  composition,  or  which,  in  a geological 

point  of  view,  hold  a conspicuous  place  on  the  sur- 
face of  the  earth. 
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CLASS  I. — Earths  and  Stories. 

The  minerals  belonging  to  this  class  are  usually 
arranged  into  genera,  the  character  of  which  is 
taken  from  the  earth  which  is  predominant,  or  is 
supposed  to  be  predominant ; for  it  will  appear 
that  minerals  are  sometimes  arranged  under  one 
genus,  which  are  chiefly,  and  in  some  cases  al- 
most entirely,  composed  of  an  eaith  belonging  to 
another  genus ; but  this  arises  from  the  resem- 
blance in  their  external  characters. 


Genus.  1. — Zircon *. 

The  species  belonging  to  this  genus  are  chiefly 
remarkable,  as  they  contain  zirconia,  a peculiar 
earth,  from  which  the  name  is  derived.  There 
are  two  species,  zircon  and  hyacinth,  which  are 
found  either  in  rounded  fragments,  or  crystallized, 
in  Ceylon,  Trance,  and  Norway.  T hey  aie  compo- 
sed of  zirconia  70  to  66  ; silica  25  to  31 ; oxide 
of  iron  1 to  2.  The  natural  repository  is  little 

known. 


* The  diamond  is  usually  placed  in  systems  of  mineralogy 
at  the  head  of  simple  minerals,  and  constitutes  the  first  ge- 
nus of  this  class';  but  as  its  combustible  nature  has  now  been 
completely  established,  the  history  of  this  prec.ous  stone  vail 
he  more  prooe.ly  introduced  in  the  class  of  combustibles. 
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Genus  2. — Siliceous . 

I his  genus,  from  the  abundance  of  the  earth 
fiom  which  it  derives  its  name,  contains  a great 
number  of  species. 

Chnjsobenjl . — This  mineral,  which  is  greenish 
and  yellowish,  and  sometimes  exhibits  changeable 
colours,  is  ranked  with  precious  stones.  It  is 
found  in  rounded  grains,  or  crystallized,  in  Cey- 
lon and  Siberia,  and  is  composed  of  alumina  7], 
silica  18,  lime  6 , and  oxide  of  iron  1*5,  but  of 
its  repository  nothing  is  known. 

Chrysolite,— found  in  Bohemia  and  the  Isle  of 
Bouibon,  in  fragments  or  crystallized,  is  compo- 
sed of  silica  38,  magnesia  39,  oxide  of  iron  l g. 
Crystallized  varieties  have  been  found  in  a kind 
of  lava  in  the  Isle  of  Bourbon. 

Odvinc.  Olivine  in  its  constituent  parts  ap- 
proaches to  the  preceding.  It  is  chiefly  in  round- 
ed pieces,  but  sometimes  also  crystallized.  The 
rounded  pieces  are  usually  in  the  cavities  of  ba- 
salt, as  m the  basaltic  rocks  of  the  Giant’s  Cause- 
way in  Ireland,  where  I have  collected  specimens 
of  this  mineral. 

Coccolite  exists  in  angular  grains,  which  have 

o ne  appeatance  of  crystallization  ; is  composed 

ot  sihca  50,  lime  24,  magnesia  10,'  iron  7,  manga, 

nese  aUmina  2,  and  is  found  in  iron  mines  in 
Sweden  and  Norway. 
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Augite — resembles  the  preceding  in  the  nature 
and  proportions  of  its  constituent  parts,  and  is  found 
regularly  crystallized  in  basalt,  in  Bohemia,  Hun- 
gary, and  Arthur’s  Seat  near  Edinburgh. 

Vesuvian — exists  either  in  masses  or  crystalli- 
zed, and  is  composed  of  silica  35,  lime  33,  alumina 
22,  iron  8,  and  a little  manganese,  Being  found  in 
limestone  near  Vesuvius,  has  led  to  the  supposi- 
tion that  it  has  been  ejected  unchanged  from  the 
volcano  ; but  in  Siberia  it  is  imbedded  in  stea- 
tites, and  mixed  with  crystals  of  magnetic  iron. 

Lcucite — is  usually  crystallized,  and  is  a singulai 
mineral,  not  only  as  it  exists  seemingly  unchanged 


in  the  real  lava  of  Vesuvius,  but  also  on  account 
of  its  constituent  parts,  which  are  silica  54,  alu- 
mina 24,  potash  21.  It  is  also  met  with  in  b avail 

in  Italy  and  Bohemia. 

Garnet , — including  black  garnet,  which  has 


hitherto  been  only  found  near  Rome,  precious 
and  common  garnet,  and  pyrope  or  Bohemian 
garnet,  is  usually  crystallized,  and  is  composed 
of  silica  35  to  40,  alumina  0 to  20,  lime  3 to 
30  ; iron  and  manganese  10  to  3^*  I^e  011ly 
exception  is,  that  the  Bohemian  garnet  has  not 
been  found  crystallized,  and  contains  10  pails  oi 
amnesia.  The  repository  of  the  garnet  is  usual- 


m 


)v  micaceous  schistus,  gneiss,  and  other  primitive 
reeH  It  is  not  uncommon  in  most  countries. 

Grenatite — is  composed  of  silica  33,  alumina 
4^' lime  4,  iron  13,  and  manganese  1 ; is  usually 
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crystallized,  and  is  found  in  micaceous  schistus, 
in  Switzerland,  France,  and  Spain. 

Ceylanite — is  a crystallized  mineral,  found  in 
the  cavities  of  the  lava  of  Vesuvius,  and  in  ba- 
saltic rocks  on  the  Rhine ; is  composed  of  alu- 
mina 68,  magnesia  12,  silica  2,  iron  lG.  It  is  also 
met  with  in  Ceylon,  from  whence  it  has  its  name. 

Spinelle — is  a precious  stone  of  considerable  esti- 
mation; is  found  in  rounded  grains  or  crystallized, 
in  Ceylon  and  Pegu,  and  is  composed  of  alumina 
74  to  82,  silica  15,  magnesia  8,  iron  1*5,  a small 
proportion  of  lime,  and  in  some  specimens  chro- 
mic acid  6 parts. 

Sapphire — is  a highly  valued  precious  stone,  of 
which  the  finest  are  brought  from  Pegu  and  Cey- 
lon ; but  it  is  also  a native  of  Bohemia  and  France. 
It  is  either  in  fragments  or  crystallized,  of  a fine 
blue  colour  of  various  shades,  and  is  composed 
chiefly  of  alumina,  as  in  the  following  proportions 
of  the  constituent  parts  of  specimens  analyzed ; 
alumina  92  to  98,  silica  0 to  7,  iron  1. 

Corundum,  adamantine  spar , and  emery , — which 
are  usually  regarded  as  distinct  species,  might 
very  properly  be  considered  as  one.  They  are 
extremely  hard,  found  in  masses  or  crystallized, 
and  composed  of  alumina  84  to  89,  silica  3 to  6, 
iron  2 to  7.  Corundum  forms  part  of  a hard  rock 
near  the  river  CaVery,  south  of  Madras,  and  is 
also  met  with  in  China  and  Ceylon  ; adamantine 
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spar  has  been  only  found  in  China  ; and  emery 
in  different  parts  of  Europe  and  South  America. 

Topaz — is  usually  crystallized,  and  is  met 
with  in  different  parts  of  the  world,  as  in  Sibe- 
ria in  graphic  granite,  accompanied  with  beryi* 
quartz,  and  garnet;  in  common  granite,  as  at 
Zinnwald  ; and  forming  part  of  a rock  called  from 
this  topaz  rock  ; such  is  the  mountain  Schneecken- 
stein  in  Saxony,  which  is  composed  along  with  the 
topaz  of  quartz,  schorl,  mica,  and  inhomarga. 
The  constituent  parts  of  topaz  are  alumina  47  to 
50,  silica  2b  to  SO,  fluoric  acid  17  to  20,  iron  0 


to  4. 

Luclasc , — which  I notice  chiefly  on  account  of 
a peculiar  earth  glucina  forming  one  or  its  consti- 
tuents, is  a mineral  found  hitherto  only  in  Peru, 
and  crystallized.  It  is  composed  01  silica  3b,  alu- 
mina 19,  glucina  15,  iron  3.  The  repository  is 
unknown. 

Emerald, — has  obtained  from  its  fine  green  co- 
lour a high,  rank  among  precious  stones.  It  is  found 
in  Peru  in  the  veins  and  cavities  or  granite  ; aim 
also  in  Egypt  and  Ceylon,  and  is  composed  of 
silica  65,  alumina  lb,  glucina  13,  oxioe  of  chio* 
mi  urn  3,  lime  2,  and  some  iron. 

Beryl — is  usually  crystallized,  and  assumes  the 
same  form  as  the  emerald.  Its  constituent  pmts 
are  also  nearly  the  same,  excepting  that  in  the 
emerald  the  colouring  matter  is  chromium,  and  m 
the  beryl  iron.  The  repository  cf  the  beryl  is 
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chiefly  granite,  as  the  graphic  granite  of  Siberia, 
and  an  indurated  clay  like  jasper,  where  it  is  ac- 
companied by  quartz,  feldspar,  garnet,  and  tour- 
maline. 

Schorlite  or  Schorlous  beryl — is  usually  crystalli- 
zed, and  imbedded  in  granite  and  gneiss ; and  is 
composed  of  alumina  52,  silica  37,  lime  3,  and  by 
some  analyses,  fluoric  acid  6. 

Schorl , — including  common  schorl  and  tourma- 
line, is  remarkable  on  account  of  the  electric 
properties  which  it  exhibits  when  heated  ; is  com- 
monly crystallized,  and  is  usually  found  in  pri- 
mitive rocks,  as  those  of  granite  and  gneiss.  The 
constituent  parts  are  alumina  40,  silica  34  to  39, 
lime  0 to  4,  iron  12  to  20,  manganese  2 to  3. 
The  finest  tourmalines  are  brought  from  Ceylcn 
and  Brazil ; but  this  as  well  as  common  schorl  is 
met  with  in  Britain  and  other  countries. 

Pistazite,— sometimes  called  glassy  actynolite T 
acanticone  and  arendalite,  is  commonly  crystallized, 
and  is  composed  of  silica  37,  alumina  21,  lime 
15,  iron  24  to  17,  manganese  1*5.  It  is  found 
on  the  surface,  and  in  the  fissures  of  argillaceous 
schistus,  as  in  Arran  in  Scotland,  from  which  I 
have  a specimen  in  fine  acicular  crystals.  Its  re- 
pository is  also  limestone,  as  in  the  Pyrenees.  It 

is  met  with  also  in  France  and  at  Arendal  in 
Norway. 

Axinite  or  Ihumer stone , — is  found  either  in  mas- 
ses or  crystallized  in  the  veins  and  fissures  of 
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primitive  rocks,  and  chiefly  those  which  have  ft 
base*  of  serpentine,  as  in  the  Pyrenees,  Prance, 
and  Norway.  The  constituent  parts  are  the  same 
as  the  preceding  mineral,  and  not  very  different 
in  their  proportions. 

Quartz — exists,  either  in  masses,  in  rounded 
pieces,  or  crystallized.  It  is  one  of  the  most  a- 
fmndant  mineral  substances,  and  assumes  a great 
variety  of  forms  and  appearances.  Amethyst  is 
quartz  crystallized,  and  coloured  with  iron  and 
manganese.  Rock  crystal  is  also  crystallized 
quartz,  and  contains,  besides  the  silica,  a small 
proportion  of  alumina  and  lime.  Arran  stones 
and  cairngorums,  which  are  usually  of  a smoky 
colour  of  various  shades,  are  supposed  to  derive 
it  from  iron  or  manganese.  These  are  usually 
found  in  the  cavities  of  granite  mountains.  Rosy 
red  quartz,  which  is  found  in  Siberia  and  other 
countries,  owes  its  colour  also,  it  is  said,  to  man- 
ganese. Milk  quartz  constitutes  beds  in  primi- 
tive mountains ; and  common  quartz,  which  as- 
sumes various  indeterminate  forms,  is  one  of  the 


su 


bstances  of  most  frequent  occurrence  in  every 


kind  of  rock.  It  forms  one  of  the  chief  compo- 
nent parts  of  primitive  mountains;  sometimes  in  en- 
tire  beds,  sometimes  in  veins,  and  sometimes  com- 


posing whole  mountains,  as  m the  islands  of  Islay 
and  Jura  in  Scotland.  It  is  very  common  in 
stratiform  rocks,  constituting  the  base  of  sandstone 
und  in  alluvial  soil,  in  rounded  pieces,  or  in  the 
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form  of  sand.  Prase  is  also  a variety  of  quartz, 
having  the  form  of  rock  crystal,  and  of  a leek 
green  colour,  which  is  probably  owing  to  some 
metallic  impregnation,  as  it  is  found  in  metallic 
veins  in  Saxony.  Ferruginous  quartz  or  iron  flint, 
which  seems  to  derive  its  peculiar  character  from 
a large  proportion  of  oxide  of  iron,  is  found  in 
veins  of  ironstone  in  Saxony  and  England. 

Hornstone — is  found  in  masses  and  rounded 
balls.  There  are  three  varieties,  splintery,  con- 
choidal,  and  woodstone.  The  first  and  the  second 
are  met  with  in  veins  of  primitive  mountains,  as 
in  Sweden  and  Saxony,  and  in  the  island  of  Rona 
near  Skye  in  Scotland,  where  it  forms  a consider- 
able vein,  traversing  a gneiss  rock.  The  con- 
stituent parts  are  silica  72,  alumina  22,  lime  (L 
Woodstone  the  third  variety,  seems  to  be  wood 
retaining  its  original  texture,  and  converted  into 
stone  by  some  petrifying  process.  It  is  found  in 
insulated  masses  or  rounded  pieces,  in  Bohemia, 
Saxony,  and  on  the  banks  of  Loch  Neagh  in  the 
north  of  Ireland. 

Siliceous  Schistus ■ — constitutes  extensive  masses 
of  rock,  as  in  Saxony  and  Switzerland  ; and  at 
Lead  Hills  in  Scotland,  and  Carlops  at  the  ex- 
treme boundary  of  the  great  coal  field  to  the 
south  of  Edinburgh.  It  is  chiefly  composed  of 
silica,  with  a small  proportion  of  lime,  magnesia, 
and  iron.  Lydian  stone,  which  is  known  by  the 
name  of  touchstone,  being  employed  to  ascertain 
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the  purity  of  gold,  is  a variety  of  siliceous  schis^ 
tus,  and  is  found  in  similar  places. 

Flint — is  a mineral  which  is  found  in  angular 
fragments,  or  in  globular  masses,  tuberculated,  cor- 
roded, or  perforated.  Flint  is  chiefly  composed  of 
siliceous  earth,  having  only  a small  admixture 
of  lime,  alumina,  and  iron,  but  not  exceeding  2 
per  cent . Flint  is  rare  in  primitive  mountains,  but 
is  most  abundant  in  stratified  rocks,  particularly 
in  beds  of  limestone,  marl,  and  chalk,  where  it  is 
disposed  in  parallel  livers,  as  in  the  chalk  beds 
in  France  and  England,  and  in  the  limestone 
jocks  on  the  north  coast  of  Ireland.  In  an  insu- 
lated mass  of  white  limestone  to  the  eastward  of 
Fort  Rush,  which  I had  an  opportunity  of  exa- 
mining, the  balls  of  flint  were  disposed  in  layers 
with  great  regularity.  When  the  bed  of  lime- 
stone is  of  no  great  thickness,  there  is  only  one 
Ever  of  flints : but  in  thicker  beds  two  layers  mav 
he  observed,  the  one  near  the  top,  and  the  other 
near  the  bottom  of  the  bed,  and  the  layers  have 
the  same  inclination  as  the  strata  of  limestone.  In 
consequence  of  the  singular  - geological  relations 
of  this  mineral,  a great  deal  of  discussion  has 
'been  excited  among  naturalists  to  account  for  the 
mode  of  its  formation  and  distribution. 

Cakcdony — exists  in  masses  of  various  forms 
in  rocks,  known  by  the  name  of  amygdaloid,  as 
in  Iceland  and  the  Faroe  Isles;  in  the  north  of 
Ireland,  and  in  some  of  the  western  islands  of 
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Scotland.  Its  constituent  parts  are  silica  84,  alu- 
mina 1 G,  with  some  iron.  Garnelian  is  consider- 
ed as  a variety  of  calcedony,  and  is  found  in  si- 
milar circumstances,'  but  of  less  frequent  occur- 
3-ence.  Agate,  which  exhibits  great  variety,  ana 
is  met  with  in  great  abundance  in  different  parts  or 
the  world,  is  chiefly  composed  oi  calcedony,  ear- 
nelian,  and  jasper,  arranged  and  disposed  in  va- 
rious ways,  from  which  have  been  derived  par- 
ticular names,  as  fortification  agate,  landscape 
agate,  moss  agate,  clouded,  spotted,  and  radiated 
agate.  Agates  are  abundant  in  different  parts  of 
Scotland,  as  in  the  neighbourhood  of  Montrose 
and  Stonehaven,  in  the  rocks  near  Dunbar,  and 
in  the  rocks  about  Dunure,  on  the  shore  of  Car- 
rick  in  Ayrshire. 

Opal — is  a mineral  of  which  there  are  several 
varieties.  The  precious  opal,  which  is  held  in 
great  estimation  on  account  of  its  fine  play  of  co- 
lours, is  found  in  veins,  nests,  and  grains,  in  an 
argillaceous  decomposed  porphyry,  near  Caschau 
in  Upper  Hungary,  and  at  Frey  berg  in  Saxony, 
where  its  repository  is  also  porphyry.  Its  consti- 
tuent parts  are  silica  ()0,  water  10.  The  com- 
mon opal  is  found  in  veins,  chiefly  in  amygdaloid 
rocks,  and  sometimes,  it  is  said,  in  granites  and 
porphyries.  Besides  the  water  and  siliceous  earth 
of  the  precious  opal,  it  contains  a small  propor- 
tion of  alumina  .and  iron.  Semiopal  is  found  in 
similar  places  with  the  former,  but  chiefly  in  gra- 
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nite  and  porphyry,  and  particularly  in  the  veins 
ot  such  rocks  as  contain  silver.  This  variety  con- 
tains a very  considerable  proportion  of  iron.  The 
last  variety,  wood  opal,  is  found  in  masses,  and  re- 
tains the  form  and  texture  of  the  wood,  which  is 
supposed  to  be  penetrated  with  the  stony  opaline 
matter.  It  is  found  at  Schemnitz  in  Hungary. 

Menilite, — considered  by  some  as  a variety  of 
flint  or  a semiopal,  is  found  at  Menil  Montant, 
near  Paris,  in  nodules,  disposed  in  interrupted 
strata,  in  argillaceous  schistus,  which  is  interposed 
between  the  beds  of  gypsum.  It  is  composed  of 
silica  85,  alumina  1*  water  and  carbonaceous  mat- 
ter 11,  with  a little  iron  and  lime. 

Jasper — is  divided  into  six  varieties:  1.  Egyp- 
tian jasper,  which  constitutes  part  of  a breccia,  en- 
tirely composed  of  fragments  of  siliceous  stones, 
extensive  strata  of  which  exist  in  Egypt  and  the 
neighbouring  deserts.  2.  Striped  jasper,  which 
is  found  in  masses,  and  sometimes  forms  entire 
beds,  is  abundant  in  Siberia,  is  met  with  also  in 
Saxony,  in  the  Hartz,  where  it  reposes  on  gray 
wacken,  and  in  the  hills  in  the  vicinity  of  Edin- 
burgh. 3.  Porcelain  jasper,  which  has  its  name 
from  its  resemblance  to  porcelain  in  fracture  and 
appearance,  is  supposed  to  be  nothing  more  than 
a slaty  clay  altered  by  fire,  particularly  as  it  is 
found  in  places  where  subterraneous  fires  have 
existed,  as  at  Dysart  in  Scotland,  where  beds  of 
soal  have  been  kindled  accidentally.  It  is  com- 
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posed  of  silica  (j,  alumina  27,  magnesia  3,  potash 
3,  iron  2.  4.  Common  jasper,  composed  of  silica, 

alumina  and  iron  in  variable  proportions,  is  abun- 
dant in  different  parts  of  the  world.  5.  Jasper 
agate,  or  agate  jasper,  is  met  with  not  unfrequent- 
ly  in  amygdaloid  rocks.  6.  Opal  jasper,  which 
is  found  in  Hungary,  Siberia,  and  other  places, 
Usually  exists  in  nests  in  porphyry.  A jasper  is 
mentioned  by  Patrin,  which  forms  the  hill  on 
which  the  fortress  of  Orskaia  is  situated,  on  the 
left  bank  of  the  river  Jaik  in  Siberia,  of  a pale 
green  and  deep  red  colour,  and  disposed  in  incli- 
ned beds ; and  a jasper  of  an  ivory  white  colour, 
and  penetrated  with  black  dendrites,  has  been 
discovered  on  the  most  elevated  parts  of  the  Al- 
taian mountains. 

Heliotrope  or  bloodstone , — is  properly  enough  by 
some  considered  as  a variety  of  jasper,  and  hence 
called  oriental  jasper,  being  brought  from  the  east} 
but  it  has  been  also  found  in  Siberia,  Bohemia, 
and  the  western  islands  of  Scotland.  By  others 
it  is  supposed  to  be  a ealcedony  penetrated  with 
green  earth. 

Chryscprase • — is  a mineral  composed  chiefly  of 
silica,  with  a small  projwrtion  of  alumina,  lime, 
non,  and  one  part  of  nickel,  to  the  two  latter  of 
'which  its  green  colour  is  no  doubt  owing.  It  is 
.net  with  in  masses  or  angular  fragments  in  a 
mountain  composed  of  serpentine,  asbestos,  and 
Hthomarga  in  Upper  Silesia, 
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Plasma — is  a mineral  which  was  employed  b? 
the  ancients  for  ornamental  purposes,  and  is  said 
by  some  to  have  been  only  found  among  the 
ruins  of  Rome ; but  according  to  others,  it  has  been 
discovered  in  upper  Hungary  and  Moravia  in  a 
mountain  of  serpentine,  where  it  is  accompanied 
by  flint. 

Cats-eye , — a mineral  brought  from  Ceylon  and 
the  Malabar  coast,  is  singular  on  account  of  its 
chatoyant  property,  and  is  composed  chiefly  of 
silica,  with  a small  proportion  of  alumina,  lime, 
and  iron  ; but  nothing  is  known  of  its  natural  re- 
pository. 

Obsidian  or  Iceland  agate, — on  account  of  its 
glassy  appearance,  and  being  often  found  in  the 
neighbourhood  of  volcanoes,  is  supposed  by  some 
to  be  a volcanic  production.  It  is,  howTever,  it  is 
said,  not  unfrequent  in  countries  where  volcanoes 
never  existed.  It  is  met  with  in  Iceland,  Teneriffe, 
and  also  Siberia  and  Hungary,  w’here  it  is  found 
in  insulated  masses  among  detached  blocks  of 
granite,  gneiss,  and  decomposed  porphyry.  Its 
constituent  parts  are  silica  72,  alumina  12,  iren 
and  manganese  2,  potash  and  soda  4 to  10,  and 
sometimes  a small  portion  of  lime. 

pitch-stone , — which  derives  its  name  from  its  re<* 
semblance  to  pitch,  exists  in  beds  and  veins,  and 
forms  sometimes  entire  mountains.  It  is  abun- 
dant in  Saxony,  Hungary,  and  Siberia,  and  is  not 
uncommon  in  Scotland,  particularly  in  Arran, 
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where  it  forms  beds,  but  chiefly  veins,  traver- 
sing the  strata  in  the  less  elevated  parts  of  that 
island ; and  where  also  it  constitutes  the  basis  of 
porphyry.  It  is  composed  of  silica  73,  alumina 
14,  lime  l,iron  1,  soda  175,  water  8*5,  and  a little 
manganese. 

Peat  1st  one~~-\s  a mineral  of  a pearly  lustre, 
which  forms  the  basis  of  a porphyry.  It  is  met 
with  in  Hungary  in  strata,  which  alternate  with 
argillaceous  porphyry,  and  contain  nodules  of 
obsidian,  of  which  indeed  it  is  considered  as  a 
variety.  The  constituent  parts  are  nearly  the 
same  as  those  of  obsidian. 

Pumice. — This  mineral,  as  it  is  Usually  found 
in  the  vicinity  ot  volcanoes,  has  been  supposed 
to  be  a volcanic  production.  The  Lipari  islands 
are  almost  entirely  composed  of  it.  It  is  also 
found  in  Iceland  and  Teneriffe,  as  well  as  in 
Hungary  and  on  the  banks  of  the  Rhine.  The 
constituent  parts  approach  nearly  to  those  of  ob- 
sidian and  pearl-stone. 

, Prehmte  is  found  massive  or  crystallized  in 
France,  where  it  exists  in  veins,  and  not  unfre- 
quently  in  different  parts  of  Scotland ; as  among 
the  porphyry  rocks  to  the  south  of  Paisley,  where 
u is  disposed  in  nodules  and  veins ; in  the  neigh- 
bourhood of  Dumbarton,  and  sparingly  in  the  rocks 
round  Edinburgh.  Prehnite  was  first  discovered  at 
the  Cape  of  Good  Hope.  It  is  composed  of  silica 
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44  to  50,  alumina  20  to  30,  lime  IS  to  23,  h°n  5* 
with  a small  proportion  of  water  and  magnesia. 

Zeolite,— according  to  the  arrangement  of  some 
mineralogists,  is  divided  into  four  varieties.  1* 
Mealy  zeolite,  which  is  composed  of  sdica  50, 
alumina  20,  lime  8,  and  water  22.  It  is  found  in 
Iceland,  the  Faroe  Islands,  and  in  different  parts  of 
Scotland,  as  at  Dunbar,  and  some  of  the  western 
islands,  where  it  is  distributed  in  veins  and  cavi- 
ties of  basaltic  and  amygdaloid  rocks.  2.  and  3* 
Fibrous  and  radiated  zeolite,  are  composed  of  simi- 
lar constituent  parts  in  different  pioportions.  4» 
Foliated  zeolite  has  a smaller  proportion  of  alu- 
mina ; and  all  the  three  varieties  are  not  unfre- 
quent in  amygdaloid  rocks,  basalts,  poiphyi) , 
wacken,  and  green- stone,  lining  the  fissures  and 
cavities  in  Iceland,  Faroe,  and  in  different  places 
of  Scotland.  Cubizite,  or  cubic  zeolite,  is  found 
in  Skye,  Staffa,  and  the  Salisbury  rocks  near  Ed- 
inburgh, and  is  abundant  at  the  Giant’s  Causeway 

north  of  Ireland. 

Cross-stone, — whi  ch  is  always  cry  stallized,  is  found  . 
in  veins  in  the  Hartz,  accompanied  by  carbonate 
of  lime,  in  the  lead  veins  at  Strontian  in  Scotland, 
and  in  balls  of  agate  at  Oberstein,  and  is  compo- 
sed of  silica  49,  barytes  18,  alumina  lG,  and  wa- 

ter  15.  „ 

Natrolite—  is  remarkable  for  the  large  proportion 

of  soda,  which  amounts  to  lG,  along  with  silica 
48,  alumina  24,  water  9,  and  a little  iron.  Tha 
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cavities  of  an  amygdaloid  fock  in  Switzerland 
form  its  repository. 

Lazulite — is  supposed  to  be  found  in  granite  in 
Feisia  and  China,  and  in  Sibena  in  a vein  along 
Mith  garnets,  feldspar,  and  pyrites.  Its  constitu- 
ent paits  are  silica  46,  alumina  14,  carbonate  of 
liine  28,  sulphate  of  lime  O',  iron  3,  and  water  2. 

Hy dr  argil l it  e — is  found  in  a tin  mine  in  Cornwall, 
and  also  in  the  cavities  and  veins  of  a soft  argil- 
laceous schistus ; and  is  remarkable  for  being  com- 
posed chiefly  of  alumina  and  a large  proportion  of 
water.  The  constituents  are  alumina  70,  lime  1, 

water  20' ; and  in  some  specimens  a small  portion 
of  silica. 

Feldspar , — which  exists  in  masses  or  crystallized, 
presents  several  varieties.  1.  Adularia  is  either 
massive  or  crystallized,  and  is  said  to  form  beds 
interposed  between  micaceous  schistus  and  gneiss 
on  St  Gothard  in  Switzerland.  It  is  composed  of 
silica  64,  alumina  20-,  lime  2,  potash  14;  and  ac- 
cording to  other  analyses  a portion  of  magnesia 
w,th  iron  and  barytes.  2:  Leb,  adore  stone  consists 
or  silica  6y,  alumina  13,  sulphate  of  lime  12,  with 
a small  portion  of  iron  and  copper ; is  remarkable 

? *tS  chf  ^ant  property , and  was  first  brought 
from  Labradore  j but  has  since  been  found  in 
oiberia,  and  is  supposed  to  belong  to  primitive 
rocks.  3.  Common  feldspar  is  a very  common  sub- 
stance, forming  one  of  the  component  parts  of 
granite,  gneiss,  syenite,  and  porphyry,  and  ap. 
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proaches  to  adularia  in  the  nature  and  proportions 
of  its  constituent  parts.  4*  Compact  jeldspar  is 
found  massive,  and  is  not  uncommon  in  Scotland, 
as  in  the  Grampian  mountains,  on  the  Pentland 
hills,  and  Salisbury  rocks  in  the  vicinity  of  Edin- 
burgh. 5.  Hollow  spar  is  a variety  which  is  only 
found  crystallized  and  imbedded  in  argillaceous 
schistus  in  France  and  in  Cumberland. 

3.  Argillaceous  Gems. 

Argillaceous  earth,  alumina,  or  pure  clay,  is 
one  of  the  most  universally  distributed,  and  most 
abundant  of  all  the  earths.  4 here  are  indeed  few 
mineral  bodies  of  whose  composition  it  does  not 

form  a part. 

Native  alumina . — The  existence  of  the  pure 
earth  in  nature  has  been  doubted.  It  has  been 
found  only  in  a small  quantity,  and  in  the  neigh- 
bourhood of  a large  laboratory  at  Halle  in  Sax- 
ony, which  has  led  to  the  supposition  that  it  is  an 
artificial  production.  By  one  analysis  this  sub- 
stance is  composed  of  alumina  45,  sulphate  of  lime 
24,  water  27,  lime  and  silica  4 ; but  according  to 
others  it  consists  almost  entirely  of  pure  alumina. 

Porcelain  earth — derives  its  name  trom  its  use  in 
the  manufacture  of  porcelain.  It  is  abundant  in 
beds  and  veins  of  granite  and  gneiss,  particularly 
in  China  and  Japan,  where  it  is  called  kaolin . It 
seems  to  be  formed  by  the  decomposition  of  granite. 
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The  constituent  parts  are  silica  55  to  71,  alumina 
15  to  27,  lime  2,  water  7 to  14,  and  sometimes  a 
little  iron. 

Common  claij. — Of  this  there  are  several  varie- 
ties, as  pipe-clay,  which  is  abundant  in  most 
countries,  and  is  usually  found  in  alluvial  land ; 
potters  clay,  also  an  abundant  production  in  simi- 
lar situations;  slaty  clay,  or  shale,  or  till , abounds 
in  coal  countries,  and  is  usually  described  under  the 
general  denomination  of  one  of  the  coal  metals. 
It  is  distinguished  by  impressions  of  ferns,  reeds* 
or  grasses ; indurated  clay  or  clay-stone,  occupies 
veins,  and  sometimes  extensive  beds,  constitutes 
the  basis  of  porphyries,  as  in  Saxony,  and  is  fre- 
quent in  Scotland,  as  on  the  Pentland  hills  near 
Edinburgh.  Stourbridge  clay  seems  to  belong  to 
this  variety. 

Adhesive  slate , — or  polishing  slate,  forms  con- 
siderable beds  at  Menil-Montant  near  Paris,  and 
is  the  repository  of  menilite,  formerly  mentioned. 
Is  composed  of  silica  66,  alumina  7,  magnesia  1*5, 
lime  1*25,  iron  2*5,  water  19 

Tripoli — seems  rather  to  be  a substance  which 
has  undergone  some  change,  as  it  is  found  in  beds 
among  the  strata  of  coal  which  have  been  on  fire. 
It  is  also  found  in  veins  in  the  neighbourhood  of 
basalts.  It  is  composed  of  silica  Q 0,  alumina  7, 
iron  3. 

Alum-stone , — long  known  by  the  name  of  the 
stone  of  Tolfa,  where  it  is  found,  near  Rome,  form- 
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ing  a mountain  traversed  by  veins  of  grey  quartz. 
The  celebrated  Roman  alum  is  obtained  from  this 
stone.  It  is  composed  of  alumina  44,  silica  24, 
sulphurous  acid  25,  sulphate  of  potash  3,  and  water 
4 ; so  that  it  has  all  the  ingredients  necessary  in 
the  formation  of  alum  in  its  composition. 

Aluminous  schistus — is  abundant  in  Saxony, 
France,  England,  and  Scotland ; is  disposed  in 
beds  among  stratiform  rocks,  and  is  often  traver- 
sed by  veins  of  quartz.  It  contains  also  pyrites, 
which  contributes  to  the  decomposition  of  the 
stone.  A variety,  which  has  a shining  appearance, 
is  sometimes  met  with  in  beds  accompanying  sand- 
stone, as  in  a quarry  on  the  east  side  of  Salisbury 
rocks  near  Edinburgh; 

Bituminous  schistus — is  peculiar  to  coal  countries, 
and  alternates  with  slaty  clay  and  coal. 

Drawing  slate — is  a concomitant  of  aluminous 
schistus,  and  forms  with  it  beds  which  repose  on 
clay  slate.  It  is  met  with  in  Italy,  France,  and 
Scotland.  It  is  composed  of  silica  t»4,  alumina 
12,  carbone  11,  iron  3,  and  water  7. 

Whet  slate — is  found  in  primitive  mountains, 
forming  beds,  which  are  subordinate  to  clav-slate. 
It  has  been  discovered  in  Bohemia,  Saxony,  and 
Siberia. 

Clay  schistus,— ox  argillaceous  schistus,  which,  ac- 
cording to  Kir  wan,  is  composed  ot  silica,  alumina, 
lime,  magnesia,  and  iron,  with  some  bituminous 
flatter,  belongs  equally  to  the  primitive  and  stra- 
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tilled  rocks,  and  frequently  forms  entire  moun- 
tains. It  abounds  with  metallic  ores,  which  are 
either  in  beds  or  veins,  and  is  sometimes  mixed 
with  quartz,  mica,  hornblende,  garnets,  pyrites,  and 
cinnabar,  as  at  Idria.  Slate,  as  it  is  usually  called, 
is  abundant  in  most  countries,  and  is  common, 
particularly  in  the  western  parts  oi  Scotland. 

Lepidolite. — This  mineral,  which  is  but  of  rare 
occurrence,  has  its  repository  in  granite  in  Mo- 
ravia and  Sweden,  and  is  composed  of  silica  54, 
alumina  20  to  38,  potash  4 to  18,  fluate  of  lime  0 
to  4,  with  ft  small  portion  of  iron  and  manganese. 

Mica — is  a very  common  mineral  in  almost  every 
kind  of  rock,  but  particularly  in  granite,  gneiss, 
and  micaceous  schistus.  Its  constituent  parts  are 
silica  38  to  50,  alumina  28  to  45,  lime  1,  magne- 
sia 1 to  20,  iron  7 to  14. 

Pot  stone — constitutes  entire  beds,  and  is  usual- 
ly accompanied  by  serpentine,  and  mixed  with 
chlorite,  talc,  and  asbestus.  It  is  found  in  Swit- 
zerland, Saxony,  and  Hungary,  and  in  consider- 
able quantity  on  the  banks  of  Loch  Fine,  opposite 
to  Inverary  in  Scotland,  hence  called  Inver  ary 
marble.  Constituent  parts,  silica  38,  magnesia  38, 
alumina  7,  iron  15,  with  a small  portion  pf  lime, 
and  also,  it  is  said,  fluoric  acid. 

Chlorite — presents  several  varieties,  whose  con- 
stituent parts  are  nearly  the  same,  differing  only 
in  proportion  ; but  from  this  must  be  excepted 
earthy  chlorite,  which  contains  a small  proportion 
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of  common  salt.  The  different  varieties  of  chlo- 
rite are  not  uncommon  in  many  countries,  and 
form  beds  which  repose  on  clay  slate.  It  is  fre- 
quently accompanied  by  garnets,  and  octahedral 
magnetic  iron.  The  constituent  parts  are  silica 
2(5  to  41,  alumina  6 to  18,  magnesia  8 to  39,  iron 
10  to  40,  with  a portion  of  water. 

Hornblende , — of  which  there  are  several  varieties, 
is  of  frequent  occurrence  in  many  countries.  1. 
Common  hornblende,  composed  of  silica  37,  alu- 
mina 22,  magnesia  16,  lime  2,  iron  23,  is  a con- 
stituent part  of  primitive  rocks,  as  in  syenite,  and 
is  sometimes  found  in  gneiss,  primitive  limestone, 
porphyries,  and  micaceous  schistus.  It  forms  en- 
tire beds,  as  in  Saxony,  and  is  found  in  Norway, 
Hungary,  and  Britain.  3.  Basaltic  hornblende, 
of  nearly  similar  constituent  parts,  but  with  a 
smaller  proportion  of  magnesia,  is  found  crys- 
tallized in  basalt,  wacken,  and  the  lava  of  Yesu- 
vius.  3.  Labradore  hornblende,  of  whose  reposi- 
tory nothing  is  known.  4.  Schistose  hornblende 
constitutes  extensive  beds  in  primitive  mountains, 
as  in  Bohemia,  Norway,  and  in  the  Isle  of  Skye, 
and  other  places  of  Scotland. 

Basalt — is  not  uncommon  in  most  parts  of  the 
globe,  and  in  many  places  it  is  very  abundant, 
often  exhibiting  a regular  columnar  form,  as  in 
several  of  the  Hebrides  on  the  west  of  Scotland, 
and  particularly  in  the  islands  of  Eigg  and  Staffa, 
and  the  Giant’s  Causeway  in  the  north  of  Ireland. 
It  is  also  frequently  disposed  in  beds  and  veins, 
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both  of  which  are  very  common,  particularly  on 
the  western  coasts  of  Scotland.  Its  constituent 
parts  are  silica  44  to  50,  alumina  16,  iron  1 6 to 
25,  lime  9,  magnesia  2,  soda  2 to  4,  with  a small 
portion  of  manganese. 

Wacken — sometimes  forms  beds  in  the  middle 
of  basalt,  but  is  oftener  in  the  form  of  veins,,  and 
constitutes  the  basis  of  amygdaloid,  whose  cavities 
are  filled  with  green  earth,  calcareous  spar,  and 
other  substances.  It  is  common  in  different  coun- 
tries, and  in  many  places  of  Scotland. 

Phcnolite , or  clinkstone,  or  schistose  porphyry,  con- 
stitutes great  part  of  the  island  of  Lamlash  near 
Arran,  and  Traprene  Law  in  East  Lothian,  in 
both  which  places  it  is  columnar.  It  is  composed, 
along  with  silica,  alumina,  lime,  iron,  and  a small 
portion  of  manganese,  of  from  6 to  8 parts  of  soda. 

Lava , — which  is  a volcanic  production,  is  found 
only  in  the  neighbourhood  of  volcanoes,  and  is 
composed  of  silica  49,  alumina  35,  lime  4,  and 
iron  12. 

4 J • in  1 

Green  earth , — which  is  found  occupying  the  ca- 
vities of  amygdaloid  rocks,  is  composed  of  silica  , 
alumina,  iron,  water,  with  a small  proportion  of 
lime  and  magnesia,. 

Lithomarga — exists  in  nodules  in  amygdaloid 
rocks,  or  occupies  veins  and  fissures  in  porphyry,, 
gneiss,  and  serpentine,  in  Bohemia,  France,  and 
England.  Is  supposed  to  contain  a large  propor- 
tion of  magnesia. 

*■  t 
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4.  Magnesian  Genus . 

Magnesia,  the  earth  which  gives  name  to  this 
genus,  is  far  less  abundant  than  the  earths  which 
characterise  the  two  preceding  genera. 

Native  magnesia. — This  is  a rare  mineral,  and 
has  been  found  in  serpentine  in  Moravia.  It  is 
composed  of  carbonic  acid  51,  and  of  magnesia 

47-  1 

Bole , — or  lemnian  earth,  from  being  found  in 
Lemnos,  forms  nests  in  basalts,  as  in  Upper  Lusa- 
tia,  and  is  deposited  on  indurated  clay,  as  in  Si- 
lesia. 

Sea  froth— is  disposed  in  thin  beds,  in  low  grounds, 
in  Natolia,  Spain,  and  the  Crimea.  It  is  employ- 
ed in  Juikey  in  the  manufacture  of  the  heads  ot 
tobacco  pipes.  It  is  composed  of  silica  50,  mag- 
nesia 17,  a small  portion  of  lime,  and  a large  pro- 
portion of  water. 

Fuller's  earth — is  composed  chiefly  of  silica,  alu- 
mina, lime,  iron,  and  with  but  a small  proportion 
of  magnesia.  It  forms  beds  in  Sweden,  Saxony, 
and  France,  and  is  disposed  between  strata  ot  sand- 
stone in  Hampshire  and  other  places  in  England. 

Steatites — forms  beds  and  veins  in  serpentine 
rocks ; as  at  Portsoy  in  Scotland.  Is  sometimes 
found  in  metallic  veins,  and  is  also  imbedded  in 
wacken,  as  in  the  Isle  of  Skye.  The  constituent 
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parts  are  silica,  magnesia,  and  alumina,  chiefly, 
with  water  and  a small  portion  of  iron. 

Nephrite  or  jade — contains  silica  47,  magnesia 
,38,  with  a small  portion  of  alumina,  lime,  and 
iron  ; is  found  in  Switzerland  and  other  places, 
and  in  Iona,  one  of  the  Hebrides  in  Scotland, 
but  always  in  detached  water- worn  masses,  so  that 
its  repository  is  unknown.  Axestone  is  a variety 
of -Jade,  which  is  employed  as  a cutting  instru- 
ment in  countries  where  iron  is  little  known.  We 
are  unacquainted  with  its  natural  history. 

Serpentine—  is  met  with  in  yeins,  and  sometimes 
forms  entire  mountains,  as  in  Saxony,  Bohemia, 
and  Siberia  ; ip  Cornwall  in  England,  where  it 
contains  native  copper,  and  at  Portsoy  in  the  north 
of  Scotland.  Its  constituent  parts  are  silica  45, 
alumina  18,  magnesia  22,  iron  3,  and  water  12. 

Schiller-stone — is  usually  imbedded  in  serpen- 
tine, and  is  supposed  to  be  that  substance  crys- 
tallized. Its  constituent  parts  are  nearly  the  same 
as  serpentine,  excepting  that  it  contains  a smaller 
portion  of  magnesia,  with  a larger  portion  of  iron, 

and  some  lime.  It  is  found  in  Moravia,  Corsica, 
and  Cornwall. 

laic  presents  several  varieties,  as  earthv  talc^. 
which  exists  in  veins,  cavities,  or  primitive  rocks, 
as  in  Bohemia  and  Inverness-shire  in  Scotland  ; 
common  talc,  composed  of  silica  30,  magnesia 
44,  alumina  (j,  is  always  found  in  serpentine  rocks 
accompanying  actynolite  and  steatites;  indurated 
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talc  constitutes  beds  in  mountains  of  argillaceous 
schistus,  gneiss,  and  serpentine,  as  in  Switzerland, 
and  in  the  western  parts  of  Scotland. 

fLsbesius’— -includes  several  varieties:  1,  Moun- 
tain cork,  which  is  called,  when  in  thin  plates, 

mineral  paper ; in  thicker  p ates,  mineral  leather  ; 

• 

and  in  porous  or  cellular  pieces,  mineral  flesh ; 
exists  in  thin  veins  in  serpentine  rocks,  or  is  mixed 
with  quartz  and  silver  ores,  as  in  Saxony ; and 
is  found  also  in  the  lead  veins  at  Leadhills  in 
Scotland.  Its  constituent  parts  are  silica,  magne- 
sia, and  lime,  with  a small  proportion  of  alumina 
and  iron.  2.  Amianthus  is  also  found  in  serpen- 
tine, and  has  the  same  constituent  parts  in  variable 
proportions.  It  is  met  with  in  different  parts  of 
the  world,  as  in  France,  Sweden,  Scotland ; but 
the  finest  specimens  are  brought  from  Corsica. 
Of  this  substance  the  ancients  manufactured  an 
incombustible  cloth  for  the  purpose  of  wrapping 
round  de^d  bodies,  that  the  ashes  might  be  preser- 
ved unmixed  with  the  wood  employed  in  burning 
them.  3.  Common  asbestus  is  found  in  similar 
places  with  the  preceding,  but  contains  neither 
lime  nor  alumina.  4-  Ligniform  asbestus  has  been 
discovered  in  the  Tyrol  accompanying  the  ores  of 
lead  and  zinc. 

Cyanite — is  a mineral  which  is  often  crystalli- 
zed, and  is  found  ip  Switzerland  mixed  with 
quartz,  garnets,  and  granite,  and  imbedded  in  in- 
durated talc.  It  is  also  found  in  France,  Siberia, 

* 1 
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and  Scotland,  and  always  in  primitive  mountains. 
Its  constituent  parts  are  chiefly  silica  and  alumina, 
with  some  iron,  and  a small  proportion  of  lime 
and  magnesia. 

Actynolite, — of  which  there  are  several  varieties, 
is  distributed  in  beds  of  serpentine  and  steatites,  or 
accompanied  by  quartz,  ores  of  lead,  zinc,  and 
iron.  Common  actynolite  is  composed  of  silica, 
magnesia,  lime,  with  a small  proportion  of  alumi- 
na and  iron. 

Tremolite — presents  similar  varieties,  and  is  found 
imbedded  in  limestone  in  primitive  mountains. 
It  is  composed  chiefly  of  silica,  lime,  and  magnesia, 
with  some  carbonic  acid,  and  a small  proportion 
of  iron. 

Smaragdite — was  found  imbedded  in  nephrite  in 
the  vicinity  of  Turin  ; but  it  has  also  been  discover- 
ed among  rounded  pebbles  near  the  lake  of  Geneva, 
and  in  primitive  rocks  in  Corsica  ; but  the  natu- 
ral history  of  this  mineral  is  less  remarkable  than 
its  constituent  parts,  which  are  silica  60,  alumina 
11,  lime  13,  magnesia  0,  oxide  of  iron  5*5,  oxide  of 
chromiuru  7*5,  oxide  of  copper  ]*j. 

5.  Calcareous  Genus. 

Lime,  or  calcareous  earth,  is  one  of  the  most 
abundant  and  universally  distributed  of  the  earths. 
It  exists  in  all  parts  of  the  world,  in  greater  or 
smaller  proportion  in  all  kinds  of  rocks : and 
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besides,  it  forms  the  principal  constituent  part  of 
immense  masses  of  rock  and  extensive  strata. 

Chalk — forms  considerable  stratified  mountains, 
containing  numerous  petrifactions,  the  matter  of 
which  is  almost  always  siliceous,  as  well  as  flints 
disposed  in  regular  strata  in  different  countries, 
particularly  in  France  and  England.  It  is  chiefly 
composed  of  lime  and  carbonic  acid,  sometimes 
with  a mixture  of  iron  and  other  substances. 

Compact  limestone — presents  two  varieties ; the 
first  forming  extensive  stratified  mountains,  ac- 
companying coal  and  sandstone,  as  in  Saxony, 
France,  and  Britain;  and,  the  second,  roe-stone,  ta 
which  variety  the  celebrated  Portland  stone  be- 
longs. Foliated  limestone  is  another  variety, 
which  includes  the  different  kinds  of  marbles,  and 
E not  uncommon  in  different  parts  of  the  world. 
Calcareous  spar  is  limestone  crystallized  in  vari- 
ous forms;  one  of  the  most  remarkable  is  the 
rhomboidal  double  refracting  spar.  Fibrous  lime- 
stone is  usually  found  in  veins,  and  being  sus-- 
ceptible  of  a fine  polish,  was  known  to  the  an- 
cients by  the  name  of  calcareous  alabaster.  Satin 
spar  belongs  to  this  variety ; as  well  as  calcareous 
sinter,  which  is  formed  in  the  cavities  of  mineral 
veins,  and  in  grottos  in  limestone  rocks ; and  the 
singular  mineral  substance  called  Jlos  ferri , which 
is  of  a branched  form,  and  occupies  the  cavities  of 
veins  of  sparry  iron  ore.  Pea^ston  is  formed  by 
the  deposition  of  calcareous*  earth  on  a particle  of 
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sand  as  a nucleus,  in  the  neighbourhood  of  springs 
holding  that  earth  in  solution.  Calcareous  tufa 
is  produced  by  a similar  process,  the  earth  being 
deposited,  from  waters  impregnated  with  it,  on 
plants  or  other  substances. 

Arragonite — is  a carbonate  of  lime,  and  resem- 
bles calcareous  spar,  excepting  in  a great  degree 
of  hardness,  and  in  its  diversity  of  form,  which  pe- 
culiarities yet  remain  unexplained.  It  is  found 
imbedded  in  gypsum. 

Brown  spar — usually  exists  in  metallic  veins, 
and  is  composed  of  carbonate  of  lime  oO,  oxide  of 
iron  22,  manganese  28. 

Dolomite — is  a mineral  containing  lime,  with 
some  alumina  and  magnesia,  which  is  found  a- 
bundantly  on  St  Gothard  and  other  primitive 
mountains. 

Bitter  spar , — whose  constituent  parts  are  carbo- 
nate of  lime  52,  magnesia  45,  iron  and  manga- 
nese 3,  is  found  imbedded  in  chlorite  sehistus  and 
serpentine,  accompanied  by  asbestus,  talc,  and 
tremolite,  in  the  Tyrol  and  Sweden. 

Swine-stone — constitutes  entire  beds  among  stra- 
tified limestone  in  France  and  Sweden.  The  pe- 
culiar odour,  from  which  it  has  its  name,  is  sup-. 

posed  to  be  owing  to  some  combination  of  sulphur 
and  hydrogen. 

Marl — exists  in  great  abundance  in  limestone 
countries,  forming  beds,  and  often  immediately 
under  the  soil.  It  is  either  in  an  earthy  or  indu- 
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rated  form.  It  is  composed  of  carbonate  of  lime 
and  alumina,  and  probably  also  with  some  portion 
of  silica. 

Apatite — is  composed  of  lime  and  phosphoric 
acid,  is  usually  crystallized,  and  is  found  in  tin 
mines  in  Germany  and  Cornwall.  Asparagus 
stone  has  a similar  composition,  but  has  been  found 
only  in  Spain,  and  it  is  said  in  Norway.  Phos- 
phorite is  also  a phosphate  of  lime,  but  contains, 
besides  a small  proportion  of  silica,  fluoric,  car- 
bonic, and  muriatic  acids,  with  some  iron.  It 
forms  an  entire  mountain  in  the  province  ofEstre- 
madura  in  Spain. 

Fluor  spar , — which  is  composed  of  lime  and 
fluoric  acid,  with  a considerable  proportion  of 
water,  exists  in  an  earthy,  compact,  or  crystallized 
form.  It  is  not  uncommon  in  many  parts  of  the 
world,  particularly  in  the  counties  of  Cornwall  and 
Derby,  Durham  and  Cumberland  in  England,  and 
in  small  quantity  in  Aberdeenshire  in  Scotland.  It 
is  sometimes  found  in  beds,  but  most  commonly 
in  mineral  veins. 

Gypsum , — which  is  a compound  of  lime  and  sul- 
phuric acid,  presents  several  varieties  of  form,  as 
earthy,  which  is  a rare  production ; compact,  which 
is  found  in  Italy,  France,  and  England ; foliated 
and  fibrous,  which  are  met  with  in  similar  places. 
Gypsum  is  found  in  all  kinds  of  rocks,  and  forms 
mountains  or  beds,  which  are  subordinate  to  sand- 
stone or  limestone*  It  is  very  abundant  in  the 
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neighbourhood  of  Paris,  and  in  several  parts  of 
England ; but  is  rather  a rare  production  in  Scot- 
land. 

Selenite — is  also  gypsUnl,  which  is  frequently 
crystallized,  and  is  found  among  beds  of  gypsum, 
which  alternate  with  clay  and  sandstone,  in  nests 
in  clay,  and  in  the  cavities,  or  on  the  surface  of 
limestone,  which  reposes  on  coal  strata,  as  at 
Hurlet  near  Paisley  in  Scotland. 

Cube  spar , — which  is  found  ifi  the  salt  pits  at 
Halle  in  the  Tyrol,  where  it  is  called  splintery 
gypsum,  is  remarkable  chiefly  on  account  of  its 
composition,  which  is  sulphate  of  lime  58,  carbo- 
nate of  lime  11,  and  muriate  of  soda  31. 

I)  at  halite — is  composed  of  lime  35,  silica  36, 
Doracic  acid  24,  and  water  4.  It  is  found  in 
Norway,  accompanied  sometimes  by  greenish  co- 
loured foliated  talc. 


0.  Burytic  Genus . 

I he  earth  which  Characterizes  this  genus  is  far 
less  abundant  than  the  preceding,  and  but  rarely 
enters  into  the  composition  of  minerals  which  do 

not  strictly  belong  to  it.  The  genus  includes 
Only  two  species. 

Wither ite , or  Carbonate  of  barytes ,- — is  a rare  pro- 
duction; has  been  found  in  lead  veins,  traversing 
v oa^  strata  in  Lancashire,  where  it  is  accompanied 
by  heavy  spar  and  blende,  and  is  composed  of 
Vol.  II,  W 
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carbonic  acid  and  barytes ; or,  according  to  some, 
with  a portion  of  strontites,  alumina,  iron,  and 
copper. 

Heavy  spar , or  Sulphate  of  barytes , — is  a mineral 
of  more  frequent  occurrence,  and  assumes  various 
forms-.  1.  Earthy , which  is  rare,  has  been  found 
in  Saxony  above  common  heavy  spar,  and  in 
Derbyshire  and  Staffordshire.  2.  Compact , which 
is  usually  found  in  mineral  veins,  has  also  its  re- 
pository in  clay-slate,  and  sometimes  in  sandstone, 
as  in  Northumberland.  &.  Foliated , not  uncommon 
in  mineral  veins,  and  sometimes  in  beds.  4-  C°m- 
mon,  which  is  frequently  crystallized,  is  common 
in  metallic  veins  which  traverse  primitive  moun- 
tains, accompanying  ores  of  silver,  lead,  and  cop- 
per.' 5.  Columnar , found  in  Saxony  and  Derby- 
shire along  with  the  other  varieties.  6.  Prismatic , 
whose  repository  is  also  in  mineral  veins.,  i . Bc- 
lognian , which  is  imbedded  in  an  argillaceous  rock 
near  Bologna,  and  is  remarkable  for  the  property 
of  shining  in  the  dark  when  heated,  is  composed 
of  silica  and  alumina,'  some  gypsum,  and  a small 
portion  of  iron,  beside  the  sulphate  of  barytes.. 
8.  Granular , found  in  Saxony  in  veins  along  with 

galena. 

7.  Strontian  Genus, 

The  earth  from  which  this  genus  derives  its 
name  is  very  sparingly  distributed,  the  minerals 
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^obtaining  it  having  been  discovered  only  in  three 
01  four  places.  Strontites , or  the  carbonate , has 

been  found  only  at  Strontian  in  Scotland,  in  a 
lead  vein,  traversing  a rock  of  gneiss.  The  mi- 
neral composed  of  strontites  and  sulphuric  acid, 
or  the  sulphate , of  which  there  are  several  va- 
lieties,  is  ot  more  frequent  occurrence.  The  va- 
riety ot  a fibrous  structure;  or  fibrous  celestine,  has 
been  fouhd  in  America  and  France ; the  foliated 
and  crystallized  variety  is  abundant,  near  Bristol, 
and  it  has  been  found  also  in  Sicily,  accompanying 
fibrous  gypsum  and  native  sulphur. 

8.  Tttnan  Genus. 

1 he  mineral  containing  the  earth  which  cha, 
racterizes  this  genus  has  been  found  only  at  Ytter- 
by  in  Sweden,  and  from  which  the  earth  derives 
its  name.  It  contains  of  Yttria  35  to  59,  silica 

21  t0  25’  alumina  4,  iron  17-25,  a small  portion  of 
manganese,  with  water  and  carbonic  acid. 


CLASS.  II.  Salts . 

Most  of  the  mineral  productions  included  undet 

is  ciass,  although  the  process  of  their  formation 

s constantly  going  on,  yet,  on  account  of  their 
Solubiluy  ln  water;  by  which  mgans  th 

ned  off  from  theit  native  repositories,  exist  Z 
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abundantly  than  minerals  of  a more  permanent 
nature.  Saline  bodies  are  usually  divided  into 
genera,  according  to  the  acid  which  enters  into 
their  composition. 

Genus  1. — Sulphates . 

Native  vitriol , — which  is  a compound  of  sulphu- 
ric acid  with  iron,  and  sometimes  with  copper 
and  zinc,  is  not  uncommon  in  mountains  of  clay- 
slate,  which  contain  metallic  ores,  particularly 
those  of  copper  and  iron  pyrites  and  blende.  The 
formation  of  the  compound  salt  is  owning  to  the 
decomposition  of  those  substances.  Native  sul- 
phate of  iron,  or  copperas,  is  common  m coal 

mines,  containing  iron  pyrites. 

Native  alum — is  derived  from  a similar  decompo- 
sition, where  aluminous  stones,  and  other  sub- 
stances containing  iron  pyrites,  as  m the  neigh- 
bourhood of  volcanoes  and  coal  mines,  abound. 

Mountain  butter, —so  called  from  its  resemblance 
to  that  animal  production,  and  plumose  alum,  so 
called  from  its  downy  appearance,  are  found  m 
similar  situations,  and  are  impure  sulphates  ol  al- 

lumina. 

Capillary  salt,  or  sulphate  of  magnesia,— is  also  met 
with  in  similar  places,  and  is  no  doubt  the  result 
of  similar  decompositions.  A salt  ot  this  kind  has 
been  found  in  Lord  Glasgow’s  coal  mines  near 
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Paisley,  which  are  the  rich  mineral  repositories  of 
native  vitriol  and  native  alum. 

Native  Epsom  salt , — also  a sulphate  of  magnesia, 
exists  in  abundance  in  the  mineral  waters  at  Ep- 
som, is  frequently  found  in  a state  of  efflorescence 
on  limestone,  porphyry,  and  sandstones. 

Native  glauber  salt , or  sulphate  of  soda,-—  is  usual- 
ly found  in  the  neighbourhood  of  mineral  springs 
which  hold  common  salt  in  solution  ; from  the 
decomposition  of  which,  and  the  combination  of 
its  base  with  sulphuric  acid,  it  is  obtained.  It  is 
also  not  unfrequent  on  the  banks  of  salt  lakes,  and 
jn  a state  of  efflorescence  on  sandstone  and  marl. 


Genus  2. — Nitrates. 

hative  nitre , or  nitrate  of  potash , — is  found  near 
Molfetta  in  Naples,  disposed  in  small  beds,  and 
sometimes,  but  more  rarely  in  veins,  in  limestone. 
It  is  abundant  in  the  warmer  countries  of  the  world, 
as  in  Peru  and  the  East  Indies,  where  at  certain 
seasons  of  the  year  it  is  found  efflorescent  on  the 
surface  of  the  ground. 

Genus  3* — Muriates . 

* V 4 I ' 

Rock-salty~— which  is  not  uncommon  in  manv 
countries  of  the  world,  is  usually  found  alternating 
with  beds  of  day,  accompanying  gypsum,  sand- 
stone, and  lime-stone.  Sometimes  it  is  found  in 
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considerable  beds,  but  often  in  detached  masses 
sometimes  also  in  veins. 

Native  sal  ammoniac — is  rather  to  be  considered, 
as  a volcanic  production,  because  it  is  usually 
found  in  the  cavities  of  lava,  as  on  Vesuvius  and 
./Etna,  in  the  Lipari  islands,  and  Iceland.  It  is 
sometimes  found  in  Britain,  in  the  neighbourhood 
of  coal  mines  which  have  been  accidentally  on 
hre. 


Genus  4- — Carbonates . 

» • • * ' - 

Native  soda — is  found  on  the  surface  of  the  soil, 
or  on  the  borders  of  lakes,  whose  waters  are  car- 
ried off  during  the  summer  by  evaporation.  In 
this  way  it  is  collected  in  Egypt.  In  Hungary  it 
is  found  efflorescent  on  a heathy  soil,  and  in  Bo- 
hemia on  a decomposed  gneiss  rock,  where  it  is 
annually  collected  in  considerable  quantity. 

Genus  ates* 

+ , * * % 

Borax — is  a substance  composed  oi  soda  and 
boracic  acid,  which  is  brought  from  Persia  and 
Thibet,  and  is  obtained,  according  to  some  ac- 
counts, from  the  waters  of  a lake  by  evaporation  ; 
or  according  to  others,  it  is  ready  formed  en  the, 
borders  of  the  lake,  along  with  common  salt 
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Genus  6. — Fluates. 

• 4 <• 

» 

This  genus  includes  only  one  species,  which, 
as  it  is  not  soluble  in  water,  does  not  strictly  be- 
long to  the  class  of  salts. — Cryolite , so  called 
from  its  easy  fusibility,  is  a fluate  of  soda  and  alu- 
mina. It  is  composed  of  soda  32  to  36,  alumina 
21  to  23*5,  fluoric  acid  and  water  40'5  to  47. 
This  singular  mineral  production  is  found  in 
Greenland,  but  of  its  native  repository  nothing 
particular  is  known. 

CLASS.  III.  Combustibles . 

1.  Diamond  Genus. 

T he  diamond,  which  among  precious  stones 
holds  the  first  rank,  and  is  usually  arranged  with 
them,  yet,  as  it  is  purely  of  a combustible  nature, 
may  be  properly  placed  at  the  head  of  this  class 
of  minerals.  The  diamond  is  the  hardest  and  most 
indestructible  body  in  nature ; and  on  account  of 
these  remarkable  properties,  and  its  splendid  and 
varied  play  of  colours,  has  been  always  held  in  the 
highest  estimation. 

Localities  oj  the  diamond. — The  diamond  has 
never  been  found  without  the  tropics;  and  indeed 
from  whatever  country  it  is  obtained,  whether  to 
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the  south  or  north  of  the  equator,  it  is  singular  to 
observe  that  it  is  always  about  the  same  degree 
or  latitude.  Thus  the  native  place  of  the  dia- 
mond in  the  E^st  Indies  is  about  the  18th  degree 
of  north  latitude  ; and  the  diamond  mines  of  Bra- 
zil, in  the  southern  hemisphere,  are  about  the  same 
distance  from  the  equator.  Of  the  native  repo- 
sitory of  the  diamond  very  little  is  known.  It  is 
usually  found  in  a ferruginous  soil  but  whether  it 
be  produced  on  the  spot  where  it  is  discovered,  or 
transported  from  the  place  of  its  origin,  has  not 
been  ascertained.  It  is  said,  indeed,,  that  it  is  also 
found  in  veins  filled  with  a similar  kind  of  soil ; 
but  in  no  case  has  it  been  discovered  in  the  cavi- 

t • * 

ties  or  fissures  of  any  kind  of  rock,  or  imbedded 
in  any  indurated  stony  matter,  like  other  crystal- 
lized minerals.  It  is  conjectured  by  Werner,  thatthe 

diamonds  found  in  the  soil  at  the  foot  of  the  moun- 

*.  \ 4 

tains  Orixa  in  India,  were  originally  formed  in  the 
interior  of  some  kind  of  trap  rocks,  from  which 
they  were  afterwards  detached ; but  I can  see  no 
facts  connected  with  the  natural  history  of  the 
diamond  which  can  be  adduced  in  support  of  this 
conjecture. 

Diamond  mines. — 1.  The  diamond  mines  of  Raol 
eonda,  five  days  journey  from  Golconda,  have 
been  discovered  at  least  200  years.  This  mine, 
in  the  time  of  Tavernier,  is  described  as  be- 
ing in  a sandy  and  rocky  soil,  which  he  compares 
tG  the  vicinity  of  Fountainblean  in  France.  The 
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veins  in  these  rocks,  not  wider  than  a finger’s  breadth, 
are  filled  with  earth  and  sand,  which  are  dug  out 
by  means  of  long  hooked  iron  instruments,  and 
being  collected  in  sufficient  quantities,  are  care- 
fully washed  to  separate  the  diamonds.  Above  a 
hundred  years  ago,  twenty  mines,  or  places  where 
diamonds  are  found,  were  known  in  the  kingdom 
of  Golconda  ; and  about  fifteen  in  that  of  VisaT 
pour.  These  mines,  it  is  said,  are  now  abandoned. 

2.  Mine  of  Qoulour. — This  mine  is  seven  days 
journey  to  the  east  of  Golconda,  and  in  a plain  of 
a league  and  a half  in  extent,  bounded  on  one 
side  by  a river,  and  by  a chain  of  high  mountains 
in  the  form  qf  a crescent  on  the  other.  The  soil 
of  this  plain  is  raised  to  the  depth  of  several  feet, 
and  it  is  said,  the  nearer  they  dig  to  the  mountains, 
the  larger  are  the  diamonds ; but  when  they  reach 
a certain  elevation,  no  diamonds  are  found.  The 
famous  diamond  of  the  great  Mogul  was  found 
here.  The  diamopds  of  this  mine,  it  is  farther 
added,  are  not  very  clear,  being  usually  tinged 
with  the  quality  of  the  soil ; for  when  the  soil  is 
marshy,  the  diamonds  deposited  in  it  have  a black- 
ish tinge ; red,  when  the  soil  is  red,  and  green  or 
yellow,  if  the  soil  be  of  those  colours.  Sixty 
thousand  persons  are  here  employed  in  searching 
for  diamonds. 

3*  Mine  of  Soumelpour. — This  is  the  name  of  a 
considerable  town  situated  on  the  river  Goual, 
Which  discharges  its  waters  into  the  Ganges.  It 
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Is  in  the  sand  of  this  river  that  the  diamonds  are 
lound,  and  particularly  in  those  places  where  the 
sand  is  mixed  with  pyrites ; which  circumstance, 
according  to  Patrin  *,  indicates  that  the  materials 
of  this  soil  are  derived  from  rocks  of  primitive 
schistus.  From  this  river  the  diamond  points  or 
sparks,  called  natural  sparks,  are  obtained.  The 
search  for  the  diamonds  in  this  river  commences 
about  the  month  of  December  or  January,  after 
the  great  rains.  Eight  or  ten  thousand  persons  of 
all  ages  and  sexes,  from  Soumelpour  and  the  neigh- 
bouring villages,  are  employed  in  the  different 
operations.  The  most  experienced  search  and  ex- 
amine the  sand  of  the  river,  proceeding  from  Sou- 
melpour as  high  up  as  the  mountain  from  whence 
it  issues.  The  river  being  at  this  time  very  low, 
the  sand  in  which  diamonds  are  likely  to  be  found, 
is  taken  up  by  damming  the  particular  place 
round  with  stones,  earth,  and  fascines,  and  throw- 
ing out  the  water  : they  dig  two  feet  deep,  and 
carry  off  the  sand  thus  raised,  into  a place  walled 
round  on  the  bank  of  the  river.  In  this  place  thq 
whole  is  washed  and  carefully  searched. 

4.  Mines  of  Borneo , &c. — Very  fine  diamonds 
have  been  brought  to  Batavia  by  stealth  from 
the  river  Succudan  in  Borneo ; but  as  strangers 
are  prohibited  from  having  access  to  it,  nothing  is 


* Hist.  Nat.  des  Mineraux,  i.  229. 
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known  of  its  history.  It  was  formerly  imagined 
that  the  diamonds  from  Borneo  were  of  a softer 
nature  than  those  of  other  mines ; but  it  does  not 
appear  from  experience  that  they  are  in  any  re- 
spect inferior.  The  diamond  is  also  found  to  be 
a natural  production  of  the  kingdoms  of  Pegu  and 
Siam,  and  also  about  the  eighteenth  degree  of 

north  latitude. 

* ' ' 

5.  Mine  of  Serro-Do-Frio  in  Brazil .* — The  dia- 
monds of  the  Indian  continent  are  in  general  of  a lar- 
ger size,  and  of  a finer  water  than  those  of  Brazil; 
but  the  latter,  though  smaller,  a te  more  abundant. 
The  American  mine  is  situated  to  the  north  of 
Villa  Rica,  in  the  eighteenth  degree  of  south  lati- 
tude. The  whole  country  which  produces  dia- 
monds, abounds  with  iron  ores,  and  the  stratum 
immediately  under  the  vegetable  soil  contains 
diamonds  disseminated  in  it,  and  attached  to  a 
gangue  or  matrix  more  or  less  of  a ferruginous 
nature.  The  diamonds  of  this  country  are  never 
found  in  veins.  This  mine  was  discovered  in 
1728;  and  the  search  for  diamonds  was  at  first  so 
successful,  that  the  Portuguese  fleet  which  arrived 
Hom  Rio  de  Janeiro  in  1730,  brought  no  less  than 
114b  ounces  of  diamonds.  The  price  immediate- 
ly fell,  in  consequence  of  this  unusual  quantity 
being  introduced  into  the  market ; and  to  pre- 
\entthe  recurrence  of  the  same  thing,  the  Por- 
tuguese government  determined  to  limit  the  num- 
ber of  men  employed  in  the  mines. 
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Remarkable  diamonds . — Before  the  revolution  in 
France,  several  fine  diamonds  belonged  to  the 
crown  of  that  kingdom,  in  particular  one,  called 
the  Sancy  of  55  carats  weight,  which  cost  25,000 
guineas,  and  is  said  to  be  worth  twice  that  sum. 
Another,  called  the  Pitt  or  Regent , weighing  136 
carats,  which  is  said  to  be  one  of  the  most  perfect 
diamonds  known,  and  to  be  worth  above  208,000 
guineas.  The  latter  diamond,  Patrin  says,  is  be- 
lieved to  be  at  Berlin,  but  it  has  probably  returned 
to  France  with  other  spoils. 

A very  fine  diamond  belonging  to  the  crown  of 
Portugal,  weighs  215  carats,  and  is  valued  at 
36Q  000  guineas.  The  diamond  of  the  Great 
Mogul  weighs  279  carats,  and  is  valued  at  300,000 
guineas.  But  this  is  far  inferior  to  the  celebrated 
diamond  which  adorns  the  sceptre  of  the  Russian 
monarchs  ; it  weighs  779  carats,  and  cost  little 
more  than  135,417  guineas,  but  is  valued  at  the 
extraordinary  sum  of  L. 4*854,' 728  Sterling.  This 
diamond  wras  originally  one  of  the  eyes  of  a Ma- 
labarian  idol,  from  which  it  was  stolen  by  a 
French  grenadier.  It  was  bought  for  20,000  ru- 
pees by  a ship  captain,  who  sold  it  to  a Jew  for 
L.17,000  cr  L. 18,000  Sterling.  A Greek  mer- 
chant afterwards  offered  it  to  sale  at  Amsterdam, 
and  it  was  afterwards  purchased  in  1772  by  the 
favourite  prince  Orloff  for  the  empress  of  Russia. 
This  celebrated  diamond  is  of  the  size  of  a pigeon’s 
egg,  and  of  a flattened  oyaf  form.  But  the  dia- 
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monds  now  noticed  are  far  exceeded  by  one  be- 
longing to  the  crown  of  Portugal,  which  was  found 
in  brazil.  This  diamond  weighs  1680  carats  ; and 
although  it  is  uncut,  it  is  valued,  according  to 
Rome  de  Lisle,  at  L. 224, 000, 000  Sterling,  or  ac- 
cording to  a more  moderate  estimation,  at  about 
L, 5, 500, 000  Sterling.  But  it  is  conjectured  by 

some,  that  this  pretended  diamond  is  only  a white 
topaz. 

Constituent  principles  of  the  diamond. — Mr  Boyle,  it 
is  said,  was  the  first  who,  about  the  year  1673,  sub- 
jected the  diamond  to  the  action  of  heat,  and  he 
found  that  it  exhaled  copious  acrid  vapours.  In 
1694,  in  presence  of  Cosmo  III.  grand  duke  of 
Tuscany,  diamonds  were  exposed  to  the  heat  of 
the  powerful  burning  glass  of  Tschirnhausen,  and 
at  the  end  of  thirty  seconds  a diamond  of  twenty 
grains  lost  its  transparency,  separated  into  small 
pieces,  and  was  at  last  totally  dissipated.  New- 
ton observed,  that  the  refractive  power  of  com- 
bustible bodies  was  considerably  higher  than  in 
the  ratio  of  their  density;  and  hence,  accord- 
ing to  this  general  law,  he  inferred  that  the  dia- 
mond, possessing  so  extraordinary  a refractive 
power,  must  be  of  a combustible  nature  ; and  he 
supposed  it  to  be  a coagulated  unctuous  substance. 
This  sagacious  conjecture,  which  was  announced 
to  the  Royal  Society  in  1675,  has  been  since  com- 
pletely verified.  But  it  is  a curious  circumstance, 
that  seventy  years  before  the  publication  of  New- 
ton's Optics,  in  which  his  conjecture  is  stated. 
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Boetius  de  Boodt,  in  his  history  of  stones,  seems 
to  have  been  perfectly  satisfied,  from  an  experi- 
ment which  he  describes,  of  the  combustible  na- 
ture of  the  diamond.  He  speaks  of  the  matter  of 
which  it  is  composed  being  combustible  and  sul- 
phureous, and  oily  and  inflammable* . 

The  real  nature  of  the  diamond  has  been  ful H 
developed  by  the  researches  of  modem  chemistry. 
The  fact  of  its  combustibility  is  completely  esta- 
blished by  the  experiments  of  Macquer  and  Berg- 
man. Lavoisier  showed  that  the  product  of  the 
combustion  of  the  diamond  is  carbonic  acid ; and 
Tennant  and  Guyton  concluded  from  their  ex- 
periments that  the  diamond  is  pure  carbone  crys- 
tallized. But  Biot,  by  an  ingenious  method  of 

* 

proceeding  in  the  discovery  of  the  elementary 
principles  of  this  gem,  has  arrived  at  a different 
conclusion.  Having  remarked  that  he  could  calcu- 
late, with  sufficient  precision,  the  refractive  power 
of  a body  from  that  of  its  constituent  parts,  he  mea- 
sured the  refraction  of  carbonic  acid,  as  well  as 
that  of  oxygen,  one  of  its  constituents,  and  hence 
deduced  the  refraction  of  carbone,  the  other  consti- 
tuent, which  he  found  to  be  in  a very  low  degree  ; 
and  from  this  he  concluded,  that  the  diamond 
which  possesses  a great  refractive  power,  is  not  mere*; 
ly  composed  of  pure  carbone,  according  to  the  ge- 


# Gem.  et  Lapid.  Hist.  Hanovlse  1609,  410.  lib.  II. 
cap.  1. 
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nerai  opinion ; but  that  it  must  be  combined  with 
a large  proportion  of  hydrogen,  not  less  than  one- 
fourth  of  its  weight,  as  estimated  by  Biot,  to  ren- 
der it  capable  of  that  degree  of  refraction  which 
it  exhibits.  Hence,  according  to  this  investiga- 
tion, the  diamond  is  a combustible  body,  composed 
of  carbone  and  hydrogen. 

Genus  2 .—Sulphur. 

Sulphur  is  widely  distributed  in  the  mineral 
kingdom.  In  certain  situations  it  exists  in  great 
abundance  in  a detached  form,  but  most  frequent- 
ly in  combination  with  other  substances,  and  in 
particular  with  many  of  the  metals.  In  the  un, 
combined  state  it  is  usually  crystallized,  and  is  di* 
vided  into  two  varieties,  common  and  volcanic 
native  sulphur.- 

1.  Common  native  sulphur — is  most  commonlr 
found  in  that  class  of  rocks  which  are  connected 
with  gypsum  and  salt,  such  as  marl  and  argillaceous 
schistus ; and  it  is  usually  in  the  latter,  which  re- 
pose on  gypsum,  or  alternate  with  it,  that  the  sul- 
phur is  disposed,  either  in  small  irregular  masses,  in 
crystals,  or  in  veins,  traversing  the.  rocks  in  all  di- 
rections; and  sometimes  also  in  considerable  beds. 
It  appears  then  to  be  a pretty  general  fact  in  geor 
i0gy>  horn  which  there  are  few  exceptions,  that 
gypsum,  marl,  rock-salt,  and  sulphur,  are  associa- 
ted together  in  the  same  distribution  of  the  strata. 
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Common  native  sulphur  is  of  frequent  occur- 
rence in  many  parts  of  the  world.  It  is  abundant 
in  the  valleys  of  Noto  and  Mazzara  in  Sicily, 
where  it  is  disposed  in  horizontal  strata  of  consider- 
able thickness,  which  afford  large  and  well  defined 
crystals.  This  sulphur,  according  to  the  observa- 
tion of  Dolomieu,  is  mixed  with  fine  crystals  ol 
sulphate  of  strontites ; so  that  although  it  exists  in 
'the  vicinity  of  ^Ixtna,  he  thinks  it  has  no  connec- 
tion with  the  volcano  of  that  mountain,  and  is 
therefore  not  to  be  considered  as  a volcanic  pro- 
duction ; for  it  is  disposed  in  a class  of  rocks  which 
have  not  been  subjected  to  the  action  of  the  volca- 
no. The  same  variety  of  sulphur  is  also  found  in 
other  parts  of  Italy,  as  well  as  in  many  other 
places  of  the  world,  and  always  distributed  in  marl, 
limestone,  or  gypsum. 

This  variety  of  sulphur  exists  also  in  primitive 
rocks,  where  it  is  disseminated  in  veins*  traversing 
those  rocks.  This,  however,  is  a rare  occurrence, 
and  the  sulphur  is  in  small  quantity.  Humboldt 
relates  as  a singular  fact,  the  discovery  of  sulphur 
in  a bed  of  quartz  approaching  to  hornstone,  which 
traverses  a primitive  mountain  oi  micaceous  schis- 
ms. This  fact  he  observed  in  the  great  sulphuY 
mountain  of  Quito.  He  mentions  also  having  dis- 
covered two  other  repositories  of  sulphur  in  pri-* 
'mitive  porphyry  in  the  same  province. 

Sulphur  is  sometimes  found  in  the  state  of  pow- 
der, in  flints,  and  particularly  near  Poligny  in  the 
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department  of  Jura.  These  flints  are  very  much 
corroded,  and  contain  in  their  interior  sulohur 
mixed  with  siliceous  earth. 

2.  Native  volcanic  sulphur. — Volcanic  regions 
are  the  principal  sources  from  which  the  sulphur 
of  commerce  is  chiefly  derived.  In  these  region? 
it  is  found  sometimes  crystallized  in  confused 
groups,  but  it  usually  exists  in  thin  layers,  in'  mas- 
ses, and  rounded  pieces,  or  in  a stalactitical  or  cel- 
lular form.  All  volcanoes,  in  a state  of  activity, 
afford  sulphur,  in  greater  or  less  proportion,  as  one 
of  their  products ; but  the  volcanic  Countries  which 
yield  it  in  greatest  abundance,  are  Solfatara  near 
Puzzuoli,  in  the  Neapolitan  territory,  which  is  re- 
garded as  the  crater  of  an  ancient  volcano,  and 
has  furnished  sulphur  from  the  time  of  Pliny ; 
the  sulphur  mines  in  the  Roman  states,  some  of 
which  are  of  volcanic  origin,  and  others,  as  those  of 
the  duchy  of  Urbino,  seem  to  be  doubtful ; those 
of  Iceland,*  situated  in  the  eastern  and  western 
parts  of  that  island,  where  the  sulphur  is  found  in 
great  abundance  almost  on  the  surface  ; those  in 
the  island  of  Guadeloupe,  in  a volcanic  mountain, 
which  still  continues  to  burn ; and  those  of  Quito' 
in  South  America,  from  which  a great  quantity 
of  very  pure  sulphur  is  obtained. 

3.  Bituminous  Genus: 

, ■ } 

•\  : » * 

1 his  genus  includes  the  five  following  specie? 
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petroleum  or  mineral  oil,  mineral  pitch,  amber, 
mellite  or  honey  stone,  and  coal. 

1.  Petroleum — is  a bituminous  substance,  of 
which  the  constituent  parts  are  carbone,  hydro- 
gen, and  a small  proportion  of  oxygen.  It  is 
usually  found  in  the  vicinity  of  coal,  and  floats  on 
the  surface  of  water  which  flows  from  coal  strata. 
There  is  a well  of  this  kind  at  St  Catharine's  near 
Libberton,  to  the  south  of  Edinburgh.  Similar 
springs  have  been  observed  in  Lancashire.  Naph- 
tha is  considered  only  as  a purer  kind  of  mineral  oil, 
and  is  abundant  in  different  parts  of  Persia,  on  the 
shores  of  the  Caspian  Sea,  and  in  Calabria,  Sicily, 
and  America.  A spring  of  Naphtha,  of  a yellow 
colour,  which  burns  easily,  and  leaves  little  resi- 
due, was  discovered  in  1802  in  the  state  of  Par- 
ma in  Italy,  and  yielded  such  a quantity  as  to  be 
sufficient  to  illuminate  the  streets  of  Genoa. 

2.  Mineral  pitch — includes  several  varieties;  1, 
elastic  mineral  pitch, or  mineral  caoutchouc,  which 
was  discovered  in  the  mine  of  Odin  in  Derbyshire, 
accompanied  by  galena,  calcareous  spar,  heavy 
spar,  fluor  spar,  and  blende,  and  which  has  the 
property  of  obliterating  the  marks  of  black  lead 
on  paper,  like  vegetable  elastic  gum ; 2.  earthy 
mineral  pitch,  containing  a greater  proportion  of 
earthy  matter,  and  found  in  Switzerland  ; and,  3* 
slaggy  mineral  pitch,  asphaltum,.  or  Jews  pitch, 
which  is  sometimes  connected  with  coal  and  lime- 
stone strata,  and  sometimes  with  mineral  veins. 


simple  Minerals. 


131 


Bat  it  is  chiefly  found  floating  on  the  surface  of 
the  lake  Asphaltum  in  Judea,  where  it  is  collect- 
ed as  an  object  of  commerce ; and  still  more  a- 
bundantly  in  the  island  of  Trinidad,  where  there, 
is  a pitch  lake  of  four  miles  in  circumference.  But 
it  appears  from  specimens  examined  by  Mr  Hat- 
fchett,  that  the  substance  supposed  to  be  mineral 
pitch*  is  only  a porous  stone  of  an  argillaceous  na- 
ture, impregnated  with  that  matter. 

3;  Amber , — of  which  there  are  two  varieties, 
white  and  yellow,  is  composed  of  a large  propor- 
tion of  oil,  and  a peculiar  acid,  the  succinic,  which 
is  obtained  from  it  by  distillation.  Of  the  origin 
of  this  substance  nothing  except  what  is  founded 
on  conjecture  is  known.  Amber  is  usually  found 
on  the  shores  of  the  ocean,  and  chiefly  on  the 
shores  of  the  Baltic ; sometimes  also  in  Sweden, 
France,  Italy,- and  the  east  coast  of  England,  and 
sometimes  in  the  vicinity  of  bituminous  wood. 

4.  Mellite  or  honey-stone , — is  a rare  mineral  pro- 
duction, having  been  found  hitherto  only  in  Swit- 
zerland, accompanied  by  mineral  pitch,  and  at 
Artern  in  Thuringia,  adhering  to  bituminous 
wood.  This  mineral  is  composed  of  alumina  16, 
mellitic  acid  46,  and  water  38. 

5.  Coal — has  been  divided  by  some  into  three 
different  species,  brown  coal,  black  coal,  and  coal 
blende,  or  blind  coal ; each  species  including  se- 
veral varieties.  The  first,  brown  coal,  includes 
common  brown  coal,  bituminous  Wood,  and  earthy 
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coal.  The  second,  black  coal,  contains  six  varie- 
ties, pitch,  columnar,  slaty,  cannel,  toliated,  and 
coarse  coal.  The  third  species,  coal  blende,  is  sub- 
divided into  two  varieties,  conchoidal  and  slaty 
coal  blende.  But  according  to  the  arrangement 
adopted  by  Brongniart,  the  different  kinds  of  coal 
are  subdivided  into  three  varieties;  compact  coal, 
fat  coal,  and  dry  coal. 

1.  Compact  coal. — This  includes  the  variety  of 
coal  known  by  the  name  of  cannel  and  Kilkenny 
coal.  This  coal  has  much  the  appearance  of  jet, 
burns  with  a bright  flame,  but  does  not  give  out 
any  pungent  or  disagreeable  odour.  It  may  be 
easily  cut  into  diilerent  shapes,  and  is  suscepti- 
ble of  a fine  polish.  It  is  not  uncommon  in  dif- 
ferent parts  of  the  world,  accompanying  the  other 
varieties  of  coal,  as  at  Whitehaven  and  Wigan  in 
Lancashire,  in  England  ; in  the  neighbourhood  of 
Edinburgh,  and  in  Ayrshire  in  Scotland  ; and  at 
Kilkenny  in  Ireland. 

a.  Fat  coal. — This  includes  slaty  coal,  which 
is  the  prevailing  coal  in  Britain,  as  at  Newcastle 
and  Whitehaven  in  England,  and  in  the  coal 
country  both  in  the  east  and  west  of  Scotland.  It 
'includes  also  the  foliated  variety  of  coal.  This 
coal  is  light,  friable,  very  combustible,  burning 
with  a whitish  flame;  swells  up,  and  seems  to 
enter  into  a kind  of  fusion,  while  it  runs  together, 
or  cakes  as  it  is  called.  It  leaves  little  residue, 
and  yields  by  distillation,  bitumen  and  ammonia. 
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3.  Dry  coal. — Under  this  is  included  pitch  coal, 
and  coal  blende  or  blind  coal.  The  dry  coal,  01 
blind  coal,  is  more  solid  than  the  first,  is  of  a light- 
er black  colour,  approaching  to  iron  gray  ; burns 
less  easily,  and  with  scarcely  any  ilame,  without 
swelling  up  or  adhering  together,  and  leaves  more 
residue.  It  affords  by  distillation  neither  ammo- 
nia nor  bitumen,  but  sulphurous  acid  only.  It  is 
said  that  all  the  coal  found  along  with  compact 
limestone  belongs  to  this  variety,  such  as  that  in 
the  neighbourhood  of  Marseilles,  of  Aix,  and  Tou- 
lon in  France.  It  is  said  also  that  the  schistus 
which  covers  this  variety  of  coal,  contains  rather 
impressions  of  ferns  than  of  grasses.  This  coal  is 
also  not  uncommon  in  different  parts  of  Scotland, 
where  it  is  accompanied  seemingly  with  the  usual 
coal  metals,  as  in  the  .coal  field  to  the  south  of 
Kilmarnock. 

Lignite. — This  forms  a species  of  the  same  au- 
thor, and  includes  the  varieties  of  coal  which  are 
not  comprehended  in  any  of  the  three  preceding 
and  of  this  species  he  lias  formed  four  varieties. 

1.  The  first  is  jet,  a hard,  solid,  compact 
substance,  which  is  susceptible  of  a fine  polish. 
This  is  the  pitch  coal  of  the  first  arrangement. 
It  is  found  in  many  coal  countries,  as  in  different 
parts* of  France,  in  Germany,  Spain,  and  also  in 
Iceland. 

2.  Triable  lignite. — This  includes  moor  coal, 
and  is  very  common  in  the  south  of  France,  where 


134 


MINERALOGY. 


it  is  met  with  in  masses  of  sand,  which  are  fre- 
quently deposited  in  valleys  of  limestone.  It  ex- 
ists also,  but  more  rarely,  in  clay  marl. 

3.  Fibrous  lignite, — This  variety  exhibits  the 
form  and  texture  of  wood,  and  is  sometimes  found 
in  very  large  masses,  as  in  the  neighbourhood  of 
Paris,  and  near  Vitry  on  the  banks  of  the  Seine. 
It  is  in  considerable  abundance  at  Bovey  near 
Exeter  in  England ; sometimes  in  the  coal  fields 
round  Edinburgh ; and  in  small  quantity  in  the 
island  of  Skye  in  Scotland.  It  is  not  uncommon 
in  Iceland,  where  it  is  known  by  the  name  of 
suturbrand.  The  trunks  of  trees,  of  which  thi$ 
suturbrand  of  Iceland  is  composed,  are  very  dis- 
tinct in  their  texture,  and  seem  only  to  have  been 
compressed. 

4.  Earthy  Lignite. — This  is  the  earthy  coal,  or 
earthy  bituminous  wood,  known  in  commerce  by 
the  name  of  umber  or  Cologne  earth,  which  burns 
very  easily,  but  usually  gives  out  a disagreeable 
odour.  It  is  sometimes  found  in  the  vicinity  of 
mines  of  common  coa],  but  most  frequently  in  al- 
luvial soil. 


Genus  4. — Graphite. 

Graphite  or  black  lead,  or  plumbago,  is  com- 
posed of  about  90  parts  of  carbone  and  10  of  iron, 
when  it  is  very  pure.  This,  however,  is  but  sel- 
dom the  case,  for  it  is  frequently  contaminated 
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with  earthy  matters,  as  silica  and  alumina.  A 
specimen  analysed  by  Vauquelin,  afforded  23  of 
carbone,  and  2 of  iron  only,  with  no  less  than  38  of 
silica,  and  37  of  alumina.  Two  varieties  of  this 
mineral  have  been  described.  The  one  is  of  a 
foliated  structure,  and  the  other  is  granular  or 
compact. 

Graphite,  in  a state  of  much  purity,  is  compa  - 
ratively a rare  mineral  production  ; and  indeed 
the  impurer  varieties  are  not  of  very  frequent  oc- 
currence. It  is  met  with  in  different  places  in 
France,  as  in  the  mountain  of  Lubacco,  where  it  is 
disposed  in  small  veins  in  granite,  and  in  the  val- 
ley of  Pellis,  in  the  department  of  the  Po,  also  in 
veins  in  a similar  rock;  in  the  mountains  of  Ar- 
ragon  in  Spain ; in  Bavaria;  and  near  Arendal  in 
Norway. 

But  the  most  celebrated  mine  of  graphite  is  at 
Borrowrdale  near  Keswick  in  Cumberland.  The 
mountains  in  the  neighbourhood  are  composed  of 
blue  argillaceous  schistus,  and  contain  some  veins 
of  copper  and  lead.  The  mine  of  graphite  is  si  - 
tuated  in  the  south  side  of  the  mountain,  which  is 
of  a considerable  height,  and  it  is  disposed  in  a bed 
lying  between  the  strata  of  schistus,  which  are 
traversed  by  quartz  veins.  The  bed  is  said  to  be 
from  eight  to  nine  feet  thick,  and  it  is  found  in 
masses  of  various  sizes,  and  of  very  different  qua- 
lities; sometimes  being  too  hard,  as  when  it  is 
mixed  with  earthy  matters,  or  too  soft  and  friable 
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tor  being  manufactured  into  pencils.  This  mine 
is  only  opened  once  every  three  or  four  years,  the 
quantity  thus  obtained  being  found  sufficient  for 
the  demand. 

The  only  other  mine  of  graphite  in  Britain  is 
in  Ayrshire  in  Scotland.  This  mine  is  situated 
in  the  upper  part  of  the  county,  at  a place  called 
Craigman,  in  the  parish  of  New  Cumnock,  not 
far  from  the  source  of  the  river  Nith,  and  at  the 
extreme  boundary  of  the  coal  field.  The  rocks 
which  accompany  the  graphite,  however,  are 
somewhat  different  from  the  coal  metals.  The 
bituminous  shale  and  aluminous  schistus,  which 
are  the  usual  concomitants  of  coal,  are  wanting'* 
Above  and  below  the  stratum  in  which  the  gra- 
phite is  distributed,  there  are  considerable  beds  of 
grayish  sandstone.  The  intermediate  strata  are 
whinstone  or  greenstone,  which  are  in  immediate 
contact  both  above  and  below  with  the  gra- 
phite. A bed  of  argillaceous,  or  rather  siliceous 
schistus  from  its  hardness,  not  less  than  eight 
or  ten  feet  thick,  reposes  on  the  upper  stratum  of 
whinstone.  The  same  kind  of  schistus,  possess- 
ing an  equal  degree  of  hardness,  and  having  a 
smooth  conchoidal  fracture,  is  interposed  between 
the  masses  of  graphite  in  the  bed  in  which  the 
latter  substance  is  distributed.  The  schistus  in, 
deed,  which  is  of  a light  bluish  colour,  approaches, 
in  its  degree  of  hardness,  to  whinstone,  and  is  sup- 
posed by  some,  who  speculate  on  the  formation  of 
the  graphite,  to  have  been  projected  in  a stgtr  of 
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fusion  into  a bed  of  coal,  and  to  have  thus  occa- 
sioned a partial  calcination,  by  which  the  coal,  be- 
ing deprived  of  its  bitumen,  is  converted  into 
graphite  or  black  lead. 

The  mine  which  has  been  opened  for  the  ex 
traction  of  the  black  lead  enters  at  the  side  of  the 
hill,  and  tjte  space  excavated  by  digging  out  the 
graphite,  and  the  interposed  rock,  is  from  three  to 
four  feet  in  thickness.  The  graphite,  it  has  been 
observed,  is  distributed  in  the  bed  in  which  it  lies 
in  irregular  masses,  and  the  spaces  unoccupied  by 
that  mineral  are  filled  with  a hard  siliceous  schis- 
ms, and  in  some  places  with  w'hinstone. 

In  a section  of  the  rocks  which  is  open  to  the 
day,  a little  to  the  westward  of  the  mine,  the  gra- 
phite exhibits  a columnar  form,  somewhat  resem- 
bling a range  of  basaltic  pillars  in  miniature.  The 
columns  are  pentagonal,  about  one-half  inch  in  di- 
ameter, from  three  to  five  inches  long,  and  slight- 
ly curved.  In  no  part  of  the  mine,  the  w hole  ex- 
cavation of  which  I examined  particularly,  could 
I discover  any  of  the  black  lead  of  this  columnar 
form,  which  it  was  natural  to  expect  should  have 
been  the  case,  if  this  columnar,  or  crystallized 
form  as  it  is  called,  be  owing,  according  to  the 
theory  above  alluded  to,  to  the  fused  stony  mat- 
ter being  brought  into  contact  with  a mass  of  coal. 
A substance,  in  appearance  similar  to  this  colum- 
nar graphite,  is  found  in  contact  writh  a whin 
dyke,  which  traverses  a coal  field  near  Old  Cum 
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nock  ; but  according  to  Mr  Taylor,  who  describes 
it,  the  columns  lie  in  a horizontal  position,  and  at 
right  angles  to  the  side  of  the  dyke.  In  the  sec- 
tion of  the  strata  accompanying  the  graphite,  they 
are  nearly  perpendicular.  The  coal  held  of  San- 
quhar also  turnishes  a columnar  coal  of  similar 
properties,  and  having  nearly  the  same  relative 
position. 


CLASS  IV,  Metallic  Ores. 

Metallic  ores  form  the  last  class  or  great  divi- 
sion of  simple  minerals.  According  to  the  usual 
mode  of  arrangement,  the  ores  of  each  metal 
constitute  a separate  genus,  and  are  subdivided 
into  species,  the  characters  of  which  are  derived 
from  the  external  appearance,  or  physical  pro- 
perties,  and  the  chemical  analysis  or  peculiar  com- 
position. As  a pretty  full  detail  of  the  natural 
history  of  metallic  ores  is  to  be  given  in  a future 
chapter,  the  short  description  of  them,  considered 
as  simple  minerals,  which,  agreeable  to  the  plan 
pursued  in  the  other  classes,  should  have  been 
here  introduced,  may  properly  enough,  and  to 
save  repetition,  be  reserved  to  that  chapter.  I 
shall  therefore  now  proceed  to  the  next  Section, 
winch  treats  of  compound  minerals. 
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SECT.  II. 

Of  COMPOUND  MINERALS  OR  AGGREGATES. 

0 

Oompound  minerals  or  aggregates  are  composed 
of  two  or  more  simple  minerals  united  together 
in  the  same  mass.  Thus,  in  the  example  formerly 
noticed,  quartz,  feldspar,  and  mica,  are  simple  mi- 
nerals ; but  when  they  are  combined  together  in 
one  mass,  they  form  a compound  mineral  or  ag- 
gregate, distinguished  by  the  name  of  granite  ; and 
again,  feldspar  or  quartz,  disseminated  in  any 
simple  mineral  as  a basis,  constitutes  a numerous 
class  of  compound  rocks,  known  by  the  name  of 
porphyries. 

The  great  masses  of  rock  which  appear  on  the 
surface  of  the  earth  are  composed  partly  of  simple 
minerals,  as  argillaceous  schistus,  limestone,  and 
basalt,  which  have  been  already  described  in  the 
preceding  section,  and  partly  of  compound  mine- 
rals, as  granite  and  porphyry.  But  when  simple 
minerals  are  considered  as  constituting  extensive 
masses,  they  are  also  brought  under  the  denomina- 
tion ol  compounds  or  aggregates,  and  are  arranged 
in  the  same  class. 

Rocks  or  compound  minerals  have  been  divi- 
ded into  two  great  classes,  which  are  characterized 
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by  names  expressive  of  the  order  or  supposed  pc^ 
nods  of  their  formation.  The  first  class,  or  the 
primitive  rocks,  contain  no  vegetable  or  animal 
remains ; from  which  it  is  inferred  that  they  were 
formed  previous  to  the  existence  of  organized  be- 
ings, the  remains  of  which  are  discovered  in  the 
second  class,  or  the  secondary  rocks.  Proceeding 
on  a still  more  hypothetical  principle,  Werner 
and  his  followers  arrange  compound  minerals  into 
four  classes,  viz.  primitive,  transition,  stratified  or 
fioetz,  and  alluvial.  By  the  class  of  transition 
rocks  is  meant  those  which  are  supposed  to  have 
been  formed  while  the  earth  was  passing  from  the 
uninhabited  state,  or  about  the  time  that  animals 
and  vegetables  first  existed ; because  in  this  class 
of  rocks  petrifactions  of  the  lower  orders  of  orga- 
nized beings  only  are  observed.  But  as  the  first 
method  of  arrangement  is  far  more  simple,  and  less 
connected  with  theory,  while  at  the  same  time  it 
is  equally  iccurate  and  perspicuous,  I shall,  with 
Mr  Kirwan,  divide  the  whole  into  primitive  and 
secondary  rocks. 


CLASS  I.  Primitive  Rocks. 

The  rocks  which  are  included  in  this  class  are, 
1.  granite,  2.  gneiss,  3-  micaceous  schistus,  4.  ar- 
gillaceous schistus,  5.  limestone,  6.  porphyry, 
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7-  trap,  8.  serpentine,  Q.  syenite,  10.  topaz  rock, 
11.  quartz,  12.  siliceous  schistus,  13.  gypsum. 

r * { i 

1.  Granite . 

The  component  parts  of  granite  are  feldspar, 
quartz,  and  mica,  of  which  the  two  first  frequent- 
ly exhibit  a crystallized  form.  The  proportions 
of  the  constituent  parts  of  granite  are  extremely 
variable,  but  in  general  the  feldspar  is  most  a- 
bundant ; sometimes  the  proportion  of  quartz  is 
very  small,  and  often  the  mica  is  scarcely  per- 
ceptible. Sometimes  too  the  ingredients  of  gra- 
nite are  very  unequally  distributed,  and  in  par- 
ticular the  feldspar,  which  is  disposed  in  large  mas- 
ses, as  is  sometimes  observed  in  the  granite  of  the 
island  of  Arran,  as  well  as  in  that  from  the  island 
of  Mull.  In  the  latter,  the  crystals  of  feldspar  are 
from  one  to  several  inches  in  diameter.  In  some 
specimens  of  granite  from  Arran,  the  mica  as- 
sumes a crystallized  form,  the  breadth  of  the 
crystals  not  exceeding  the  thirtieth  part  of  an  inch 
I he  quartz  of  granite  is  generally  of  a grayish 
colour;  the  feldspar  is  whitish,  gray,  or  reddish 
and  the  mica  is  sometimes  black,  and  sometimes 
white.  Beside  the  three  principal  ingredients 
now  mentioned,  some  varieties  of  granite  contain 
also  schorl-,  hornblende,  and  garnets. 

Granite  of  Scotland. — Although  in  this  country 
granite  is  not  a very  abundant  rock,  yet  it  affords 
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several  varieties.  The  granite  of  Goatfield  in  the 
• island  of  Arran,  sometimes  contains  the  feldspar 
and  quartz  pretty  equally  distributed,  but  some- 
times the  former  is  in  considerable  masses.  In 
this  granite  the  proportion  of  mica  is  small,  and 
sometimes  is  regularly  crystallized,  as  has  been  al- 
ready noticed.  In  the  cavities  of  this  granite  the  * 
feldspar  is  often  regularly  crystallized,  and  some- 
times accompanied  with  fine  crystals  of  a smoky 
colour  of  different  shades,  known  by  the  name 
of  Arran  stones.  These  are  rock  crystal,  colour- 
ed probably  with  iron  or  manganese,  and  are  si- 
milar to  what  are  called  Cairngorum  stones,  which 
are  found  in  the  north  of  Scotland.  Arran  affords 
another  variety  of  granite,  in  which  the  feldspar 
is  the  most  abundant  ingredient,  and  is  of  a red- 
dish colour.  This,  however,  may  be  owing  to 
some  change  in  its  constituent  parts,  as  it  exhi- 
bits the  appearance  of  decomposition.  In  this  va- 
riety the  feldspar,  but  particularly  the  quartz,  is 
crystallized  in  the  small  cavities,  which  are  nu- 
merous, even  in  moderate  sized  specimens.  The 
mica,  which  is  in  very  small  proportion,  is  of  a 
black  colour. 

In  the  granite,  on  the  west  side  of  the  island  of 
Mull,  the  feldspar,  as  already  noticed,  is  by  far 
the?most  abundant  ingredient.  It  is  of  a fine  pale 
flesh-red  colour,  and  some  of  the  crystals  are  of  a 
very  large  size.  The  proportion  of  mica  is  very 
small. 
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A granite  from  some  parts  of  the  counties  of 
Ross  and  Inverness,  is  remarkable  for  having  the 
mica  in  greatest  abundance ; the  quartz  is  in  very 
small  proportion,  and  the  feldspar  is  frequently 
studded  with  garnets. 

In  the  gianite  found  at  Aberdeen  and  its  vici- 
nity, which  from  its  appearance  comes  under  the 
denomination  otgray  granite , and  from  the  grains 
of  the  ingredients  of  which  it  is  composed,  being 
of  small  size,  it  is  called  small  grained  granite,  the 
feldspar  and  quartz  are- in  the  greatest  proportion. 
The  quantity  of  mica  is  small,  and  its  place  is 
sometimes  occupied  by  small  specks  of  hornblende 
or  schorl. 

Granite  from  Wexford  in  Ireland.— The  prevail- 
ing  ingredients  in  this  granite  are  feldspar  and 
mica ; the  feldspar  is  of  a dull  white  colour  ; the 
mica  is  of  a shining  silvery  white,  and  the  quartz, 
which  is  in  the  smallest  proportion,  is  gray.  In 

tins  granite  the  ingredients  are  pretty  uniformly 
mixed. 

Egyptian  granite.— This  granite  is  composed  of 
whitish  quartz,  of  large  irregular,  crystals  of  red 
feldspar,  and,  according  to  some,  of  a small  pro- 
portion of  black  mica.  The  feldspar  is  by  far  the 
most  abundant  ingredient,  and  the  mica  is  in  small, 
est  quantity  ; but  this  latter  is  said  by  some  to  be 
hornblende,  which  I perceive  to  be  the  case  in 
specimen  of  Egyptian  granite  in  my  possession" 
mid  farther,  I observe  in  the  same  specimen,  that 
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the  hornblende  is  always  connected  with  the 
quartz ; none  of  it  is  imbedded  in  the  crystals  of 
feldspar.  From  the  circumstance  of  hornblende 
being  substituted  for  mica  in  the  Egyptian  gra- 
nite, this  stone  is  by  some  brought  under  the  de- 
nomination of  syenite,  a name  derived  from  the 
ancient  city  of  Syene,  near  which  the  roots  yield- 
ing this  granite  are  situated.  Of  this  stone  the 
numerous  obelisks  and  columns,  which  still  exist 
in  Egypt,  were  formed,  and  in  particular  the  ce- 
lebrated column  above  ninety  feet  of  elevation, 
known  by  the  name  of  Pompey’s  pillar. 

Granite  oj  Ingria.—h.  beautiful  red  granite  is 
found  in  rounded  blocks  in  the  neighbourhood 
of  Petersburgh  and  other  parts  ol  Russia,  which 
presents  a remarkable  peculiarity.  I he  feldspar 

is  of  a globular  form,  from  one  half  ineh  to  two' 
inches  in  diameter ; so  that  when  this  granite  is 
polished,  the  feldspar  exhibits  shining  spots  of  a 
round  or  oval  figure,  which  gives  it  the  appearance 
of  being  studded  with  precious  stones.  The  royal 
summer  garden  at  Petersburgh  is  decorated  with  a 
superb  colonade  of  this  granite.  The  columns,' 
which  are  sixty  in  number,  are  each  composed  of 
a single  piece  twenty  feet  long  and  three  feet  in 
diameter.  Many  of  the  public  buildings  are  con- 
structed of  the  same  granite.  An  immense  mass 
of  the  same  stone,  which  was  formerly  thirty-two 
feet  long,  twenty-one  broad,  and  seventeen  highy 


COMPOUND  MINERALS. 


145 


forms  the  pedestal  for  the  statue  of  Peter  the 
Great  *. 

Corsican  granite. — One  of  the  most  remarkable 
granites  lias  been  found  in  detached  masses  in 
the  island  of  Corsica.  T he  ground  of  this  beau- 
tiful stone  is  a gray  granite,  composed  of  quartz, 
ieldspar,  black  schorl,  and  a little  yellowish  mica. 
This  ground  is  studded  with  equal  round  spots,  from 
one  and  one-half  inch  to  two  inches  in  diameter. 
These  spots  are  formed  of  concentric  zones  ; the 
external  zone  i^  white  and  opaque,  of  two  or  three 
lines  in  breadth,  and  composed  of  quartz,  mixed 
with  feldspar,  somewhat  radiated,  and  converging 
towards  the  centre  of  the  spot.  The  next  zone  is 
about  one  and  one-half  line  in  breadth,  of  a black 
colour,  and  composed  of  thin  plates  of  hornblende  * 
or  schorl.  To  this  black  zone  succeeds  another 
ofwdiite  semi-transparent  quartz,  about  four  or 
five  lines  broad  ; but  it  is  divided  by  two  or  three 
black  zones,  not  thicker  than  a thread.  All  the 
zones  now  described  are  perfectly  parallel  to  each 
othei.  The  central  part  of  the  spot  is  from  seven 
to  eight  lines  in  breadth,  and  is  composed  of  twro 
very  irregular  zones,  of  black  and  white  matter, 
and  in  the  centre  there  is  a small  mass,  in  which 
the  black  is  predominant  f. 

Graphic  granite.— This  variety  of  granite  is  not 
of  ve.y  frequent  occurrence.  It  has  been  found 
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by  Patrin  in  Siberia,  by  Besson  in  Corsica,  arid 
was  first  discovered  by  Dr  Hutton  near  Portsoy 
in  the  north  of  Scotland.  The  graphic  granite  of 
Siberia,  as  it  is  described  by  Patrin,  is  a rock 
whose  ground  is  a whitish  or  reddish  yellow  feld- 
spar, with  a foliated  texture  and  shining  aspect ; 
and  in  this  feldspar  are  imbedded  crystal^  of 
quartz,  or  rather  carcases  of  crystals,  from  an  inch 
to  one  and  one-half  inch  long,  and  several  lines  in 
diameter.  These  crystals,  it  must  be  admitted, 
have  something  of  the  appearance  here  described. 
It  is  not,  however,  easy  to  conceive  how  the  ex- 
ternal laminae  of  the  crystal  should  exist,  unless 
it  can  be  supposed  that  it  was  formed  on  a nu- 
cleus; and  this  nucleus  being  composed  ol  less  du- 
rable materials  than  the  external  covering,  the 
latter  has  remained  after  the  decomposition  or  de- 
struction of  the  former,  and  has  been  surrounded 
by  the  feldspar : but  of  this  mode  of  formation 
there  seems  to  be  no  proof  whatever.  These  cry- 
stals, it  is  observed,  are  often  arranged  in  the  mass 
of  feldspar,  parallel  to  each  other  for  the  space 
of  several  square  inches,  and  the  interposed  space 
between  each  crystal  is  about  equal  to  its  diame- 
ter., Patrin  observes,  that  the  graphic  granite  of 
Europe  is  different  from  the  Siberian,  m having 
the  feldspar  crystallized  in  rhomboidal  prisms, 
while  the  intervening  space  is  filled  with  amor- 
phous quartzose  matter.  This  is  the  case  with 
some  varieties  from  Portsoy ; but  there  are  others 
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which  correspond  exactly  with  that  from  Siberia, 
described  and  figured  by  that  naturalist.  The 
name  graphic  granite  is  derived  from  some  re- 
semblance to  Hebrew  or  Arabic,  and  sometimes 
to  musical  characters,  which  the  sections  of  the 
quartz  crystals  exhibit. 

Granite  mountains  usually  present  lofty  insu- 
lated cliffs  or  peaks  with  tugged  and  precipitous 
sides ; and  although  they  afford  many  metallic 
substances,  yet  they  are  found  to  be  less  rich  in 
ores  than  some  other  rocks.  Iron  and  tin  are  the 
most  abundant. 


2.  Gneiss . 

The  same  ingredients  as  those  of  granite  enter 
into  the  composition  of  gneiss ; but  in  gneiss  the 
different  ingredients  of  which  it  is  composed  are 
hot  indiscriminately  distributed  through  the  whole 
mass  as  in  granite,  but  each  is  arranged  separate- 
ly, forming  a distinct  lamina  or  plate.  The  mica 
is  in  general  the  predominant  part  of  this  com- 
pound rock ; and  to  this  its  slaty  or  foliated  struc- 
ture is  ascribed.  The  stratification  of  gneiss  is 
distinct  and  well  marked. 

ivlountains  composed  of  gneiss  have  gentle  decli- 
• ities  and  rounded  summits,  and  they  are  general- 
ly licli  in  metallic  ores,  affording  some  in  great 
abundance. 

K <2 
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3.  Micaceous  Schistus, 

In  this  compound  rock  the  teldspar  is  generally 
wanting.  It  is  chiefly  composed  of  quartz  and 
mica  ; is  of  a slaty  structure,  and  always  stratified. 
Micaceous  schistus  contains  many  foreign  mine- 
rals ; garnets  are  often  imbedded  in  it  in  great 
abundance,  and  sometimes  crystals  of  tourmaline. 
It  contains  also  beds  of  other  rocks,  as  limestone, 
serpentine,  and  gypsum,  and  it  is  rich  in  metallic 
ores,  which  are  distributed  in  beds  or  veins. 

4.  Argillaceous  Schistus . 

The  ingredients  which  enter  into  the  composi- 
tion of  this  rock  have  been  already  described.  Its 
structure  is  slaty,  and  it  is  regularly  stratified. 
When  it  comes  in  contact  with  micaceous  schistus, 
it  seems  to  be  composed  nearly  of  the  same  in- 
gredients. The  quartz  and  mica  appear  quite  dis- 
tinct. The  garnet,  tourmaline,  hornblende,  and 
schorl,  are  not  uncommon  in  this  rock.  It  con- 
tains also  various  metallic  ores,  and  in  particular 
the  sulphurated  ores,  as  the  pyrites  of  iron,  copper, 

and  arsenic,  which  are  either  disposed  in  beds  or 


veins. 
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5.  Limestone . 

Limestone  is  not  peculiar  to  the  primitive  rocks; 
it  is  of  very  frequent  occurrence  in  the  secondary 
class,  and  it  is  said  that  it  is  distinctly  characteri- 
sed to  admit  of  this  division ; the  primitive  lime- 
stone having  a crystalline  texture,  and  some  de- 
gree of  transparency,  while  the  texture  of  the  se- 
condary is  earthy,  and  at  the  same  time  completely 
opaque. 

Primitive  limestone  sometimes  appears  distinctly 
stratified ; is  commonly  disposed  in  beds,  and  rarely 
forms  entire  mountains.  It  contains  different  mi- 
nerals, as  garnet,  hornblende,  serpentine,  and  va- 
rious metallic  ores,  as  those  of  lead,  iron,  blende, 
and  pyrites,  distributed  in  beds  or  veins. 

0.  T?vp. 

The  word  trap,  which  in  the  Swedish  language, 
from  which  it  is  derived,  signifies  a stair,  was 
originally  applied  to  those  rocks  which  exhibit 
something  of  the  appearance  of  the  steps  of  a stair. 
The  term  was  afterwards  extended  to  other  rocks, 
and  became  at  last  of  very  indefinite  signification. 
The  term  is  now  limited  to  those  rocks  which  are 
chiefly  characterised  by  the  hornblende  forming 
part  ot  their  composition. 

Frap  rocks  are  not  limited  to  the  primitive  class; 
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they  appear  also  in  the  secondary.  In  the  primi- 
tive trap,  the  hornblende  is  almost  pure,  but  in 
the  secondary  traps  it  gradually  degenerates  into 
a ferruginous  and  blackish,  indurated  clay.  Pri- 
mitive trap  is  almost  entirely  composed  of  horn- 
blende ; it  sometimes,  however,  contains  an  ad- 

4 

mixture  of  feldspar,  and  more  rarely  mica,  with 
some  other  substances,  chiefly  pyrites.  Pri- 
mitive trap  includes  several  varieties  of  rock ; 
these  are,  common  hornblende,  slaty  hornblende, 
primitive  greenstone,  and  schistose  greenstone. 
The  two  first  of  these  have  been  already  descri- 
bed. v 

Primitive  greenstone. — This  rock  is  composed  ot 
hornblende  and  feldspar,  pnd  it  is  subdivided  in- 
to several  varieties,  according  as  the  texture  is 
more  or  less  granular  or  compact,  i.  Common 
greenstone,  in  which  the  hornblende  and  feld- 
spar are  intimately  aggregated,  having  a granular 
texture,  and  in  which  the  hornblende  is  in  the 
greatest  proportion.  c2.  Porphyrjtic  greenstone, 
in  which  the  grains  are  smaller,  and  which  con- 
tains also  crystals  of  \ feldspar,  so  that  the  tex- 
ture is  both  granular  and  porphyritic.  3.  Green- 
stone porphyry,  in  which  the  particles  of  horn- 
blende and  feldspar  are  so  fine,  that  they  are 
scarcely  distinguishable,  and  the  texture  becomes 
quite  porphyritic.  4.  Green  porphyry  of  the  an- 
cients is  composed  of  the  same  ingredients,  but  so 
ip  innately  mixed  that  it  appears  to  be  a simple 
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rock ; always  contains  crystals  of  feldspar ; the 
ground  is  usually  of  a deep  green,  and  the  crystals 
of  feldspar,  which  are  sometimes  arranged  cruci- 
formly,  are  of  a lighter  green,  inclining  to  white. 

Schistose  greenstone. — This  rock  is  composed  of 
compact  feldspar,  hornblende,  a little  mica,  and 
more  rarely  some  grains  of  quartz.  The  horn- 
blende and  feldspar  are  nearly  in  the  same  pro- 
portion, and  the  structure,  as  the  name  imports,  is 
slaty.  This  rock  is  often  traversed  by  metallic 
veins. 


7.  Serpentine. 

Serpentine  is  a rock  essentially  simple,  and  has 
been  already  described.  It  is,  however,  some- 
times accidentally  mixed  with  talc,  asbestus,  ami- 
anthus, steatites,  mica,  garnets,  which  give  it  the 
appearance  of  a compound  rock.  Serpentine  is 
not  regularly  stratified,  and  rarely  contains  any 
foreign  beds.  Excepting  native  copper  and  mag- 
netic iron,  it  is  in  general  destitute  of  metallic  sub- 
stances. Serpentine  is  disposed  in  beds,  in  gneiss, 
and  micaceous  schistus,  and  alternates  with  lime- 
stone. 

8.  Porphyry. 

The  term  porphyry  is  employed  to  denote  a 
compound  rock,  in  the  principal  mass  of  which 
$re  imbedded  grains  or  separate  crystals  of  some 
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other  substance.  This  peculiarity  of  structure  is 
common  to  a great  many  rocks,  which  derive 
their  specific  names  from  the  ground  or  basis  of 
which  the  mass  is  chiefly  composed.  Thus,  in 
hornstone  porphyry , crystals  of  quartz  or  feldspar 
are  interspersed  in  a basis  of  hornstone ; 2.  in 
feldspar  porphyry,  the  ground  or  basis  is  feldspar ; 
3.  syenite  porphyry  is  different  from  the  former, 
in  having  a mixture  of  hornblende  porphyry  with 
the  feldspar  ; 4-  pitchstone  porphyry  has  a ground 
of  pitchstone,  which  is  red  or  green,  and  sometimes 
brown  or  black ; 5.  argillaceous  porphyry,  in 
which  the  basis  is  an  indurated  clay,  containing 
interspersed  crystals  of  feldspar  or  quartz. 

Porphyry  is  not  stratified,  and  contains  no  fo- 
reign beds ; and  although  it  is  less  rich  in  metallic 
ores  than  some  other  rocks,  yet  valuable  veins  have 
been  discovered  in  argillaceous  porphyry. 

Q.  Syenite. 

Syenite  is  a rock  essentially  composed  of  grainy 
of  feldspar  and  hornblende,  intimately  aggrega- 
ted.  The  feldspar  is  usually  the  prevailing  in- 
gredient ; and  when  the  feldspar  is  compact,  and 
contains  interspersed  in  it  crystals  of  feldspar  and 
quartz,  the  rock  assumes  a porphyritic  structure, 
and  hence  is  called  syenite  porphyry.  Grains  of 
quartz  and  mica,  but  in  small  proportion,  are 
sometimes  accidentally  mixed  in  this  rock.  Thp 
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texture  of  syenite  is  granular,  and  rarely  becomes 


slaty. 


Syenite  is  not  usually  stratified,  and  does  not 

. .*  k ' ' * * • 

contain  any  foreign  beds ; but  it  is  sometimes  tra- 
versed by  metallic  veins.  This  rock  usually  re- 
poses on  porphyry. 

« x 


10.  Topaz  Rock, 

This  rock  is  composed  of  quartz,  schorl,  topaz, 
and  lithomarga;  the  first  three  substances  being 

i * 

disposed  in  thin  beds  or  layers,  alternating  with 
each  other,  and  separated  by  the  last.  This  rock 
sometimes  contains  cavities  whose  sides  are  lined 
with  drusy  crystals  of  quartz  and  topaz. 

The  texture  of  this  rock  is  slaty  granular.  To- 
paz rock  is  very  rare ; it  has  hitherto  been  dis- 

; • : i i 

covered  only  in  Saxony,  where  it  forms  a moun- 
tain called  Schneeckenstein,  which  reposes  on 
granite.  It  contains  no  metallic  substances.  It  is 

. ■ > • * v r 

supposed  that  the  rock  from  which  the  beryls  of 
Siberia  are  obtained  is  of  a similar  nature. 

*’*s->  -*  k«...  j. 

31.  Quartz. 

This  is  to  be  considered  as  a simple  rock,  ex- 
cepting that  it  is  sometimes  accidentally  mixed 
with  mica,  and  rarely  with  feldspar.  It  is  usually 
of  a compact  and  granular  texture,  but  sometimes 
it  becomes  slaty,  when  it  is  called  schistose  quartz. 
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This  rock  contains  no  metallic  substances,  ex- 
cepting what  seems  to  be  accidentally  intersper- 
sed in  it.  Quartz  of  a granular  texture  forms  con- 
siderable mountains  in  some  parts  of  the  north  of 
Scotland,  and  particularly  in  the  islands  of  Islay 
and  Jura,  where  it  constitutes  the  basis  on  wdiich  the 
prevailing  rocks  of  those  islands  seem  to  rest.  Beds 
of  quartz  are  also  not  unfrequent  in  argillaceous 
and  micaceous  schistus,  and  in  gneiss. 


12.  Siliceous  Schistus . 

This  rock,  which  has  been  already  described, 
forms  considerable  masses,  which  are  traversed  by 
quartz  veins,  and  are  disposed  in  beds  in  argil- 
laceous schistus. 

- i 

13.  Gypsum. 

Gypsum,  as  connected  with  the  primitive  rocks, 
is  but  rare  : but  it  has  been  found  in  beds  in  mi- 
caceous  schistus  near  Bellinzona  in  the  Swiss  Alps. 
It  is  mixed  with  mica,  which  gives  it  a slaty  tex- 
ture ; and  by  this  it  is  distinguished  from  the  gyp- 
sum wliich  is  met  with  in  other  rocks. 


, ’ , ' / * . J . i * : / . r - * i > - i • : . - i 

CLASS  II.  Secondary  Rocks. 

The  rocks  included  in  this  class  are  the  follow- 
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ing ; 1.  limestone;  2.  gray  wacken;  3.  trap;  4- 
sandstone;  5.  chalk;  6.  gypsum;  7.  rock-salt; 
8.  coal : ().  ironstone  ; 10.  trap.  The  three  first 
of  the  rocks  now  enumerated,  namely,  limestone, 
gray  wacken,  and  trap,  are  denominated  by  Wer- 
ner, for  the  reason  already  assigned,  transition 
rocks,  and  constitute  his  second  class. 

1.  Limestone. 

This  limestone  is  a simple  rock,  which  is  some- 
times granular  and  sometimes  compact,  accord- 
ing as  it  approaches  to  the  primitive  or  stratified 
limestone,  between  which  it  is  supposed  to  be  in- 
termediate. It  has  a splintery  fracture,  and  is 
slightly  translucent.  It  exhibits  various  colours, 
sometimes  red,  or  even  black,  veined  with  white. 
The  white  colours  are  veins  of  calcareous  spar.  It 
rarely  contains  any  accidental  substances,  except- 
ing at  the  upper  part  of  the  beds,  in  which  ani- 
mal remains  are  discovered,  of  which  the  species 
are  supposed  to  have  become  extinct.  This  lime- 
stone sometimes  alternates  with  a kind  of  argilla- 
ceous schistus,  and  more  rarely  with  beds  of  a- 
mygdaloid  or  loadstone,  as  in  Derbyshire.  In  ge- 
neral it  lies  on  argillaceous  schistus  ; sometimes 
forms  mountains,  but  they  do  not  reach  any  con- 
siderable elevation.  It  is  usually  stratified,  but 
the  beds  are  very  thick.  It  contains  veins  of  me- 
tallic ores.  The  agreeable  mixture  of  fine  colours, 
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which  appears  in  this  stone,  has  brought  it  into  ex* 
tensive  use  in  architecture. 


2.  Gray  Wacken. 

•v  t ' f "S 

Two  kinds  of  this  rock  have  been  described, 
yiz.  common  gray  wacken  and  schistose  gray 

V-  «* 

wacken. 

Common  gray  wacken .- — This  rock  is  composed  of 
grains  or  pieces  of  quartz,  siliceous  and  argillace- 
ous schistus,  cemented  by  a substance  of  an  argil- 
laceous nature.  The  grains  are  sometimes  very 
small,  and  sometimes  of  the  size  of  a nut,  or  even 
larger. 

Schistose  gray  wacken . — This  is  a simple  rock  of 
a slaty  structure,  which,  in  its  composition  and 
texture,  is  nearly  allied  to  argillaceous  schistus  $ 
but  it  is  essentially  coherent  from  that  rock  in  its 
position,  which  is  always  connected  with  com- 
mon gray  wacken,  and  because  it  is  never  inter- 
rupted, like  argillaceous  schistus,  with  feeds  of 
chlorite  schistus.  It  contains,  besides,  no  grains 
of  quartz,  schorl,  feldspar,  or  garnet,  but  is  mix- 
ed with  mica  in  small  scales.  It  is  rarely  of  a 
bluish  or  greenish  colour^  but  most  commonly  of 
a dirty  gray.  Schistose  gray  wacken  forms  beds, 
which  alternate  with  those  of  the  first  variety. 

Gray  wacken  rocks  are  traversed  by  veins  of 
quartz  in  different  directions.  They  contain  some- 
times remains  of  shells  and  impressions  of  reeds. 
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Tiiese  rocks  arc  distinctly  stratified ; but  the  di- 
rection of  the  strata  is  not  parallel  to  those  of  the 
other  rocks  on  which  they  rest.  This  rock  is  rich 
in  metallic  ores,  as  in  the  Hartz,  where  there  are 
extensive  veins  of  lead  and  silver  in  gray  wacken. 
In  Transylvania,  the  same  kind  of  rock  is  remark- 
able for  rich  ores  of  gold. 

3.  Trap . 

/ 

Beside  the  primitive  trap  already  described,  two 
varieties  of  the  same  rock  come  under  the  second- 
ary class.  The  first  variety,  or  the  transition  trap 
of  Werner,  is  essentially  composed,  as  in  the  pri- 
mitive trap,  of  hornblende  and  feldspar ; but  in 
the  variety  under  consideration,  the  mixture  is 
much  more  intimate ; the  grain  appears  finer,  and 
the  mass  of  rock  seems  to  be  homogeneous.  The 
constituent  parts  of  this  rock  are  very  often  in  a 
state  of  decomposition,  which  gives  rise  to  many 
varieties.  The  two  following  are  chiefly  remark- 
able ; amygdaloid  and  globular  trap. 

Amygdaloid . — This  name  is  given  to  a compound 
rock  whose  principal  mass  is  compact,  and  which 
contains  imbedded  in  it,  not  only  crystals  of  feld- 
spar or  quartz,  which  bring  it  under  the  denomi- 
nation of  porphyry,  but  nodules  of  other  substan- 
ces, or  sometimes  rounded  empty  cavities,  the  con- 
tents Qi  which  have  been  decomposed.  This  rock, 
therefore,  is  amass  of  schistose  hornblende  decom- 
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posed,  and  similar  to  a kind  of  wacken,  or  term- 
gmous  clay  with  fine  grains.  The  cavities  are 
sometimes  empty,  as  already  observed,  and  then 
their  sides  are  lined  with  a kind  cf  crust,  and 

. i s 

sometimes  they  contain  grains  or  masses  of  quartz, 
calcedony,  jasper,  calcareous  spar,  and  green  earth. 
These  nodules  are  very  often  hollow,  having  tire 
interior  walls  lined  with  rock  crystal.  The  amyg- 
daloid or  toadstone  of  Derbyshire,  the  nodules  of 
which  are  commonly  calcareous  spar,  belongs  to 
this  rock. 

Globular  trap. — This  is  a schistose  greenstone 
partially  decomposed,  and  reduced  to  a kind  of 
fine  grained  wacken.  It  is  met  with  in  the  form 
of  large  rounded  masses,  composed  of  concentric 
layers,  the  nucleus  of  which  is  of  a harder  nature, 
or  less  decomposed. 

The  rocks  which  come  under  this  description 
are  not  distinctly  stratified  ; they  form  insulated 
and  conical  mountains,  and  contain  metallic  ores-, 
as  those  of  copper,  iron,  and  tin. 

4.  Sandstone. 

Sandstone  is  a rock  essentially  composed  of  par- 
ticles of  quartz,  sometimes  of  siliceous  schistus,  and 
very  rarely  of  feldspar.  These  grains  or  particles 
are  united  together  by  a cement,  which  is  some- 
times argillaceous,  with  a mixture  of  iron,  some- 
times calcareous,  or  of  the  nature  of  marl,  and- 
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more  rarely  siliceous.  The  proportion  of  this 
cement  to  the  whole  mass  is  variable,  but  it  is 
never  the  predominant  part  in  the  composition  of 
the  stone.  The  size  of  the  grains  varies  greatly  ; 
in  some  sandstones  the  particles  are  very  large,  when 
they  come  under  the  denomination  of  pudding- 
stone  ; while  in  others,  the  grains  are  so  line  as  to 
have  all  the  appearance  of  a simple  rock.  Some 
of  the  varieties  of  sandstone  contain  vegetable  and 
animal  remains.  This  rock  is  distinctly  stratified, 
and  the  beds  of  which  it  is  composed  are  some- 
times interrupted  by  beds  of  compact  limestone, 
roe-stone,  and  coal. 

Three  varieties  of  sandstone  have  been  descri- 
bed ; the  first  is  the  red  sandstone,  which  is  sup- 
posed to  be  the  oldest,  and  reposes  immediately 
on  gray  wacken.  The  cement  of  this  sandstone 
contains  a considerable  proportion  of  iron,  to  which 
the  red  colour  is  owing,  and  petrified  wood  is 
sometimes  found  in  it.  The  second  variety  in- 
cludes those  sandstones  which  present  different 
colours  arranged  in  stripes  or  bands,  and  hence 
called  variegated  sandstones.  It  is  in  this  variety 
that  sandstone  schistus  or  flagstone,  and  roestone, 
are  usually  met  with.  The  third  variety  compre- 
hends those  sandstones  which  are  commonly  of  a 
white  colour,  and  have  a calcareous  or  marly 
cement. 

Sandstone  in  general  is  not  very  rich  in  metallic 
t>res;  sometimes,  however,  veins  exist  in  rocks  of 
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this  kind,  and  are  chiefly  filled  with  ores  of  cobalt; 
The  red  sandstone,  which  is  covered  by  what  is 
called  a bituminous  marly  schistus,  is  in  some 
places  impregnated  with  copper  ores,  and  particu- 
larly with  the  carbonate  of  copper  ; which  is  dis- 
seminated in  the  rock,  giving  it  a green  colour, 
Other  metallic  ores  are  sometimes  also  met  with, 
but  in  small  quantity. 

5.  Stratified  Limestone . 

This  is  a simple  rock,  composed  of  compact 
limestone,  which  very  rarely  contains  any  acci- 
dental substances,  as  crystals  of  quartz,  pyrites,  &cv 
Sea  shells  are,  however,  very  common  in  this  lime- 
stone, and  hence  it  has  been  denominated  shell 
limestone.  This  rock,  which  is  distinctly  stratified, 
alternates  with  beds  of  bituminous  schistus,  sand- 
stone, and  tuberculated  masses  of  hornstone  and 
flint,  which  are  usually  disposed  in  beds. 

Several  varieties  of  this  limestone  have  been 
observed,  and  which  seem  to  be  distinctly  cha- 
racterised. The  first,  and  what  is  supposed  to  be 
the  oldest,  rests  immediately  on  red  sandstone  ; and 
the  lower  strata,  which  contain  many  impressions 
of  fishes,  alternate  with  beds  of  bituminous  marly 
schistus.  The  second  variety,  which  is  called 
shell  limestone,  from  the  numerous  petrifactions 
found  in  it,  is  remarkable  for  having  different 
kinds  of  petrifactions  in  the  different  beds.  In  the 
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inferior  beds  the  petrifactions  are  chiefly  ammo- 
iiucs,  belemnites,  and  tuibuiites.  Xn  the  superior 
strata  the  remains  of  sea  crabs,  fishes,  &c.  are  ob- 
served. 

X h^  iocks  of  limestone  now  described,  are  not  un- 
frequently  traversed  by  metallic  veins,  and  chiefly 
those  of  lead  and  copper. 


The  strata  of  chalk,  which  in  general  are  not 
very  distinct,  are  characterised  by  containing  beds 
ci  flint  in  tuberculated  and  detached  masses,  as 
well  as  numerous  petrifactions  of  sea  shells,  par- 
ticularly echmites,  belemnites,  &c.  Many  of  these 
petrifactions  have  this  peculiarity,  that  the  matter 
of  which  they  are  composed  is  entirely  siliceous. 
Chalk  sometimes  also  contains  globular  masses  of 
iion  pyrites,  whose  internal  structure  is  radiated. 
Scarcely  any  other  metal  or  foreign  substance  has 
been  discovered  in  chalk.  Considerable  masses  of 
chalk  are  met  with  in  some  countries,  as  in  France, 
England,  and  some  of  the  islands  in  the  Baltic. 


7-  Gypsum . 

Beside  the  gypsum  already  described,  which  is 

connected  with  primitive  rocks,  this  mineral  is 

met  with  m extensive  masses  among  the  secondary 

r°c,,s.  The  strata  of  gypsum  belonging  to  the 
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latter  class  of  rocks,  alternate  with  sandstone, 
swinestone,  limestone,  marl,  clay,  and  rock  sab. 
The  beds  of  gypsum  contain  frequently  crystals 
of  different  substances,  chiefly  quartz,  arragonite, 
boracite,  garnets,  and  is  often  mixed  with  sulphur, 
which  is  sometimes  crystallized.  They  contain 
few  petrifactions,  but  sometimes  the  bones  of  qua- 
drupeds and  birds. 

Two  varieties  of  stratified  gypsum  are  described. 
The  first  reposes  immediately  on  stratified  lime- 
stone. It  is  composed  of  foliated  gypsum,  selenite, 
and  compact  gypsum,  forming  thin  beds,  and  alter- 
nating with  thin  beds  of  swinestone.  This  variety 
of  gypsum  contains  rock  salt,  and  is  the  source  of 
salt  springs.  The  second  variety  of  gypsum,  be- 
longing to  the  secondary  rocks,  is  composed  ol 
different  kinds  of  gypsum,  but  chiefly  of  fibrous 
gypsum,  which  alternates  with  indurated  clay  and 
sandstone.  It  reposes  immediately  on  variegated 
sandstone,  and  is  often  covered  by  shell  limestone. 

Gypsum  very  rarely  contains  any  metallic  sub- 
stances. Ores  of  copper,  it  is  said,  have  been 
found  in  rocks  of  this  description. 

8 . Rock  Salt . 

Rock  salt  might  be  more  properly  considered  as 
constituting  a part  of  the  strata  of  gypsum  and 
marl,  rather  than  as  forming  a peculiar  and  dis- 
trict mass  of  rock,  because  it  is  usually  imbedded 
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in  gypsum  or  marl,  or  is  found  to  alternate  with 

• • 

indurated  clay,  which  is  frqeuently  impregnated 
with  salt.  It  alternates  also  with  limestone  and 
swinestone. 

Q.  CgciL 

The  nature  of  coal,  and  the  different  varieties 
of  which  it  is  composed,  have  been  already  de- 
scribed; and  as  we  are  afterwards  to  enter  more 
particularly  into  the  natural  history  of  this  valu- 
able mineral,  it  would  be  unnecessary  to  dwell 
upon  it  in  this  place,  or  anticipate  any  part  of  the 
subject  by  detailing  detached  parts  of  it. 

10.  Argillaceous  Ironstone . 

This  mineral  is  composed  of  an  oxide  of  iron, 
combined  with  a considerable  proportion  of  clay 
and  other  earthy  matters.  Argillaceous  ironstone 
is  disposed  in  beds,  alternating  with  indurated 
clay,  slaty  clay,  marl,  sandstone,  and  some  other 
rocKs.  They  contain  also  frequently  calamine 
mixed  with  galena,  and  sometimes  impressions  of 
plants  and  petrifactions  of  marine  animals. 


11.  Stratified  Trap . 

The  rocks  which  are  peculiar  to  the  mountains 
of  trap  of  this  description  are  basalt,  wacken,  pitch- 
stone,  basaltic  tufa,  amygdaloid,  schistose  porphy- 
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ry,  graystone,  and  greenstone.  Other  rocks  also* 
ire  sometimes  met  with  in  traps  of  this  descrip- 
tion, such  as  gravel  and  sand  of  different  kinds,, 
quartzose  sandstone,  clay,  bituminous  wood,  coal, 
and  some  other  substances. 

Basalt . — This  mineral  has  been*  already  des- 
cribed as  a simple  rock  ; but  considered  as  a mass, 
it  is  more  or  less  of  a compound  nature.  Ver y 
often  it  is  of  a porphyritic  structure,  containing 
chiefly  grains  or  crystals- of  olivine,  augite,  basaltic 
hornblende,  magnetic  iron,  sometimes  leucite, 
feldspar,  and  quartz,  as  well  as  mica  and  calce- 
dony.  The  structure'  of  basalt  is  also  sometimes 
amygdaloidal,  and  its  cavities  are  then  filled  with 
zeolite,  steatites,  calcareous  spar;  sometimes  the 
cavities  are  empty,  and  sometimes,  it  is  said,  they 
are  filled  with  water..  This  rock  frequently  as- 
sumes a regular  prismatic  form,  having  from  three- 
to  eight  sides;  sometimes  it  is  of  a tabular  form, 
and  more  rarely  in  rounded  masses,  composed  of 
concentric  and  distinct  concretions. 

Wacken. — This  rock  sometimes  constitutes  con- 
siderable be^s,  and  seems  to  be  intermediate  be- 
tween clay  and  basalt.  It  contains  neither  olivine 
nor  augite,  but  sometimes  crystals  of  basaltic  horn- 
blende, and  particularly  black  mica,  by  which 
last  it  is  characterised,  and  distinguished  from  ba- 
salt. 

Fitch  stone. — The  pitch  stone,  which  is  met  with- 
in the  rocks  now  under  consideration,  is  of  a black 
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ct  greenish  colour,  and  it  is  distinguished  by  having 
crystals  of  feldspar  imbedded  in  it. 

Amygdaloid . — The  basis  of  this  rock  is -a  kind 
of  clay,  which  seems  to  be  a decomposed  .green- 
stone, and  is  sometimes  penetrated  with  siliceous 
particles.  It  -approaches  very  near  to  wacken, 
and,  off  the  other  hand,  sometimes  assumes  a more 


compact  texture,  resembling  basalt.  The  cavi- 
ties of  this  stone  are  sometimes  found  empty,  some- 
times lined  with  an  earthy  must,  and  sometimes 
filled  with  some  foreign  matter,  which  is  frequent- 
ly green  earth,  zeoLte,  calcareous  spar,  &c. 

Basaltic  tufa. — This  substance  is  owing,  it  is  sup- 
posed, to  the  decomposition  of  certain  basalts,  as 
it  is  found  to  contain  fragments  of  rock  of  this  de- 
scription, particles  of  olivine,  and  some  vegetable 
remains.  All  these  substances  are  cemented  to- 
gether by  a basis  of  clay,  &e. 

Schistose  porphyry,  or  porphyry  slate . — The  base  of 
this  rock  is  clinkstone  or  phonolite,  already  de- 
scribed, having  imbedded  in  it  particles  of  feld- 
spar, and  more  rarely  of  hornblende.  It  exhibits 
a schistose  or  slaty  structure,  and  is  frequentK 
met  with  along  with  basalt. 


Graystone . Ibis  rock  is  composed  of  very  small 

particles  of  feldspar  and  hornblende,  so  closely 
<and  intimately  united,  that  it  appears  homogene- 
ous^ It  is  of  an  ash  gray  colour,  and  contains 
olivine  and  augite. 


c eons  tone, — rl  his  rock,  as  well  as  that  which 
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has  been  already  described,  is  essentially  compo- 
sed of  particles  of  hornblende  and  feldspar  ; but 
in  the  former,  these  substances  are  less  distinctly 
crystallized,  and  more  intimately  combined  to- 
gether. This  greenstone  generally  rests  on  beds 
of  basalt. 

Beside  the  two  great  classes  of  rocks,  of  #hich  a 
short  description  has  now  been  given,  two  others 
are  usually  formed  by  geological  writers,  namely, 
alluvial  and  volcanic  rocks. 

The  alluvial  rocks  are  composed  of  earthy  and 
stony  matters,  which  are  the  remains  ol  former 
rocks  worn  down  and  removed  by  the  action  of 
the  air  and  water,  and  deposited  nearly  in  a hori- 
zontal position  on  the  surface  of  the  eaith.  In- 
deed the  greater  part  of  the  earth’s  surface  is  com- 
posed of  such  depositions.  Two  kinds  of  alluvial 
depositions  have  been  observed,  such  as  take  place 
in  the  mountains,  and  such  as  cover  the  plains. 
The  mountainous  alluvial  depositions  are  formed, 
either  in  the  valleys,  or  the  flat  ground  of  elevated 
regions.  The  first  are  in  general  composed  of  tne 
remains  of  the  surrounding  mountains,  united  by 
a base  of  clay  or  lime.  In  this  alluvial  deposition 
are  found  fragments  of  rocks,  and  especially  such 
minerals,  as  resist  the  friction  of  the  substances, 
along-  with  which  they  are  deposited ; such  are 
sapphires,  rubies,  chrysolites,  hyacinths,  and  other 
precious  stones ; and  also  some  metallic  ores,  as 
those  of  tin,  iron,  and  gold.  The  alluvial  deposit 
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tions,  which  are  found  on  the  fiat  land  of  elevated 
regions,  are  loam,  clay,  and  other  substances  of 
the  same  nature. 

The  alluvial  deposites  which  cover  plains,  are 
loam,  clay,  gravel,  sand,  turf,  calcareous  tufa,  some 
species  of  coal,  of  wood,  and  other  bituminous  mat- 
ters. Four  kinds  of  alluvial  depositions  have  been 
described. 

1.  The  first  kind  contains  chiefly  gravel  and 
sand,  but  very  little  clay.  Sea  shells,  in  some 
places,  constitute  part  of  the  mass;  and  pieces  of 
amber  and  particles  of  gold  are  sometimes  found 
disseminated  in  it.  Such  depositions  usually  take 
place  on  the  shores  of  the  ocean,  or  at  the  mouths 
of  rivers. 

2.  The  second  kind  of  alluvial  depositions  con- 
tain beds  of  different  varieties  of  clay,  among 
which  potters  clay  often  predominates.  Kidney 
form  iron  ore,  and  some  beds  of  sand,  are  occa- 

. sionally  distributed  in  this  soil,  which  occupies 
chiefly  the  low  plains  interposed  between  chains 
of  mountains. 

i 

3.  In  the  third  kind  of  alluvial  deposition  the 
materials. are  almost  exclusively  derived  from  the 
decomposition  of  vegetable  matters,  and  they 
consist  of  certain  varieties  of  coal,  turf  or  peat, 
bituminous  wood  and  bituminous  earth,  with  beds 
of  morassy  iron  ore.  Sand  and  clay  are  not  very 
abundant.  Depositions  of  this  kind  occupy  the 
.lowest  places  of  plains  and  valleys. 
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4.  I he  last  kind  of  alluvial  soil,  is  formed  by 
the  deposition  of  calcareous  matter  on  vegetables, 
Vvhich  give  to  the  mass  a spongy  texture.  Some- 
times the  lorm  of  the  plant  is  retained.  But  be- 
side the  vegetable  substances  on  which  the  lime  is 
deposited,  thus  forming  what  is  called  calcareous 
tula,  the  remains  or  terrestrial  animals,  such  as 
land  and  river  shells,  are  sometimes  found  in  it. 
Calcareous  tufa  forms  considerable  beds  in  valleys, 
and  in  low  fiat,  land  on  the  banks  of  rivers,  and 
on  the  shores  ot  the  ocean. 

But  although  the  different  kinds  of  alluvial  de- 
positions are  thus  separately  described,  their  exis- 
tence in  nature  is  seldom  so  distinctly  and  ac- 
curately marked ; for  it  sometimes  happens  that 
two,  three,  and  even  all  the  four  kinds,  are  found 
in  the  same  spot. 

Volcanic  rocks  have  been  divided  into  two 
kinds  ; true  and  false,  or  pseudo  volcanic  rocks. 
The  first  including  what  are  known  to  be  volcanic 
productions,  and  the  second  referring  to  those 
rocks  which  have  undergone  some  change  from 
the  action  of  accidental  fire;  as  when  beds  of 
coal  have  been  set  on  fire  and  burnt.  The  rocks 
of  this  description  are  porcelain  jasper,  burnt  clay, 
earthy  scoring  and  some  other  matters.  The  first 
of  these  has  been  already  mentioned,  and  the 
others  are  of  too  little  importance  to  require 
farther  notice.  The  nature  of  the  substances, 
ejected  from  actual  volcanoes  will  come  under 
consideration  when  that  subject  is  introduced. 
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CHAP.  II. 

OF  THE  DISTRIBUTION  AND  RELATIVE  POSITION  OF 
THE  MATERIALS  OF  WHICH  THE  SURFACE  OF 
THE  EARTH  IS  COMPOSED. 

Having  in  the  preceding  chapter  given  a brief 
sketch  of  the  nature  of  the  materials  of  which  the 
surface  of  the  earth  is  composed,  we  are  now  pre- 
pared to  inquire  in  what  manner  those  materials 
are  distributed.  And  without  considering  the  soil 
with  which  a great  extent  of  the  more  solid  parts 
of  the  earth’s  surface  is  covered,  and  which  con- 
sists of  the  different  simple  earths,  particularly 
alumina,  silica,  and  lime,  mixed  with  vegetable 
and  animal  matter,  all  in  variable  proportions  ; 
it  may  be  observed  that  the  rocky  parts,  which 
are  more  properly  the  subjects  of  our  investiga- 
tion, are  disposed  either  in  a horizontal  or  verti- 
cal position.  The  greater  proportion  of  those 
masses  of  rock  is  arranged  horizontally  : but 
this  is  not  to  be  understood  to  be  strictly  the  case ; 
for  many  rocks  which  come  under  this  descrip- 
tion form  a very  considerable  angle  with  the  ho- 
rizon. 1 he  vertical  strata  which  traverse  the  ho- 
rizontal rocks  in  various  directions,  and  which 
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are  composed  partly  of  stony  matters,  and  partly 
of  metallic  ores,  although  bearing  a small  pro- 
portion to  the  first  description  of  rocks,  yet  as 
they  exhibit  many  striking  characteristic  features,, 
require  a separate  con  si  delation,  I shall  there- 
fore, in  the  present  chapter,  1.  examine  the  distri- 
bution of  the  horizontal  masses  of  rock  ; 2.  the 
vertical  strata  composed  of  stony  matters ; and,  3. 
such  as  consist  of  metallic  substances,,  or  metallic 
veins.  These  will  form  the  subjects  of  the  three 
following  .sections. 


SECT.  I. 

OF  THE  DISTRIBUTION  OF  THE  HORIZONTAL  MASSES 

OF  ROCK. 

In  our  inquiry  into  the  distribution  of  the  rocks 
which  compose  the  surface  of  the  earth,  the  order 
in  which  those  rocks  were  described  in  the  last  sec- 
tion of  the  former  chapter  may  be  followed,  be- 
ginning with  the  lowest,  or  the  granite,  on  which 
all  other  rocks  repose,  -and  proceeding  to  the 
highest,  or  those  which  form  the  uppermost  strata; 
or  that  order  may  be  reversed,  by  taking  the  up- 
permost strata  first,  and  proceeding  to  the  lowest 
which  have  been  discovered.  Each  of  these 
methods  seems  to  possess  peculiar  advantages, 
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which  are  to  be  estimated  by  the  nature,  variety, 
and  more  or  less  accessible  situation  of  the  rocks 
of  any  district  of  country  to  be  described.  But 
as  the  first  method  has  been  already  partially 
adopted,  I shall  still  give  it  the  preference  in  the 
limited  view  to  which  the  present  investigation  is 
necessarily  prescribed ; and  lor  the  purpose  of  il- 
lustrating the  various  geological  relations  which 
exist  among  the  different  classes  of  rocks,  I shall 
endeavour  to  select  the  most  appropriate  and  ac- 
cessible examples  which  have  been  observed  in 
our  own  country. 


1.  Granite . 

1 

So  far  as  geological  researches  have  been  car- 
ried, it  appears  that  all  other  rocks  rest  upon  gra- 
nite; that  is,  it  constitutes  the  lowest  mass  of 
rock  which  has  yet  been  discovered.  At  the 
same  time  granite  forms  some  of  the  most  ele- 
vated parts  in  the  highest  chains  of  mountains  of 
the  globe.  The  lofty  summits  of  the  Alps,  and 
of  the  Pyrenees,  and  the  Carpathian  and  Nor- 
wegian mountains,  are  composed  of  granite. 

The  proportion  of  granite,  compared  with  other 
rocks  in  Britain,  is  not  great.  In  Cornwall  it  is 
the  most  common  rock  ; a small  quantity  appears 
in  Leicestershire  and  Shropshire  ; but  it  is  un- 
known in  the  mountains  of  Wales,  excepting  a 
small  portion  in  the  island  of  Anglesey.  In  some 
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peaces  of  Scotland,  the  extent  of  granite  rocks  is 
more  considerable.  The  highest  part  of  the 
Grampians  stretching  through  the  interior  of  the 
nouhern  part  of  the  kingdom,  and  dividing  into 
different  ridges,  which  terminate  at  Aberdeen  and 
Peterhead,  or  proceeding  more  directly  towards 
the  noith,  reach  almost  to  the  Murray  Frith,  is 
composed  of  granite.  A range  of  granite  moun- 
tains has  also  been  observed  commencing  not  far 
from  Dalmellington,  near  the  head  of  the  county 
of  Ayr,  and  extending  to  the  southward  and  east- 
ward into  Galloway.  But  the  best  examples  of 
gianite  which  Scotland  affords,  are  in  the  islands 
of  Arran  and  Mull  on  the  western  coast.  In  the 
former  it  constitutes  the  most  elevated  part  of  the 
island  ; and  in  the  latter  the  granite  appears  in  a 
low  situation,  at  the  point  of  Ross  opposite  to  Icolm- 
kill.  Some  of  the  mountains  near  Wexford  in 
Ireland  are  composed  of  granite ; and  I Lave  rea- 
son to  suppose,  from  specimens  which  I have  ex- 
amined, and  the  appearance  of  the  mountains  at 
a little  distance,  that  the  elevated  range  on  the 
west  side  of  Loch  Foyle,  in  the  north  of  that  king- 
dom, is  formed  of  a red  variety  of  the  same  kind 
of  rock. 

The  stratification  of  granite  has  been  a subject 
of  controversy  among  geological  theorists.  On 
the  one  hand,  those  who  maintain  that  all  rocks 
were  formed  by  deposition  from  water,  derive  an 
argument  in  support  of  their  theory  from  the  stra- 
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lifted  appearance  which,  they  assert,  may  be  ob- 
served in  granite ; while,  on  the  other  hand*  the 
defenders  of  the  theory,  that  granite  has  been  in 
the  state  of  fusion  by  means  of  heat,  contend  that 
it  exhibits  no  such  structure.  It  does  not,  I be- 
lieve, often  happen,  at  least  in  this  country,  that 
opportunities  occur  to  enable  the  observer  to  ascer- 
tain this  point.  Perpendicular  cliffs  of  granite,  by 
which  the  peculiarities  of  its  structure  may  be 
discovered,  are  less  common  than  in  other  rocks ; 
and  to  this  circumstance,  connected  with  the 
usual  anxiety  to  support  a theory  which  has  been 
once  adopted,  is  probably  to  be  ascribed  the  di- 
versity of  opinion  that  prevails  relative  to  that 
structure.  The  granite  rocks  at  the  point  of  Ross, 
in  the  island  of  Mull  mentioned  above,  exhibiting 
in  many  places  nearly  perpendicular  sections,  af- 
ford to  the  unprejudiced  observer  some  instrucive 
information  on  this  disputed  point.  In  those  rocks 
- the  appearance  of  stratification  is  sufficiently  obvi- 
ous; but  the  strata  or  beds  being  of  great  thickness, 
can  only  be  distinguished  when  they  are  seen  on 
a large  scale.  Were  the  sections  of  these  rocks 
of  more  limited  extent,  the  strata,  which  are  in  a 
small  degree  inclined  from  the  horizon  to  the 
southward  and  eastward,  would  not  be  visible. 

2.  Gneiss . 

Of  the  stratification  of  gneiss  no  doubt  can  be 
entertained.  In  describing  it  as  a compound  mi- 
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neral,  it  has  already  been  noticed,  that  the  stra- 
tified form  of  the  rock  is  distinct  and  well  marked. 
Gneiss  reposes  immediately  on  granite;  and  between 
the  strata  are  sometimes  interposed  beds  of  different 
minerals,  such  as  granular  limestone,  slaty  horn- 
blende, quartz,  and  more  rarely  porphyry. 

It  has  been  observed,  that  mountains  of  gnesis 
are  less  precipitous  than  those  of  granite ; and 
that  they  usually  exhibit  rounded  summits. 

This  rock  is  found  to  be  remarkably  rich  in 
metallic  ores,  which  are  distributed  in  it,  not  only 
in  veins,  but  also  in  strata.  It  affords  almost  every 
kind  of  metallic  ore.  The  productive  mines  of 
Saxony  and  Bohemia  are  in  gneiss,  as  wrell  as  the 
celebrated  silver  mines  of  Kongsberg,  in  the  south- 
ern part  of  Norway. 

Gneiss  is  not  a very  uncommon  rock,  but  at  the 
same  time  it  appears  to  be,  at  least  in  this  coun- 
try, of  less  frequent  occurrence  than  granite.  The 
best  examples  of  this  rock,  which  I have  had  an 
opportunity  of  seeing,  are  in  the  island  of  Rona, 
and  the  north  end  of  the  island  of  Rasay,  two 
islands  which  lie  to  the  eastward  of  Skye.  The 
islands  of  Coll  and  Tine,  also  two  of  the  Hebrides, 
afford  examples  of  gneiss,  and  it  is  frequently  met 
with  among  the  rocks  in  Shetland. 

3.  Micaceous  Sc  hist  us. 

It  has  been  already  observed,  that  micaceous 
schist  us  is  essentially  composed  of  quartz  and 
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mica,  the  feldspar  being  generally  wanting,  is 
of  a slaty  structure,  and  is  always  regularly  stra- 
tified ; but  in  some  varieties  of  this  rock  there  is 

( 

a considerable  quantity  of  feldspar,  when  it 
seems  to  approach  very  nearly  to  the  characters 
of  gneiss  ; and  indeed  I find,  by  inspecting  dif- 
ferent mineral  cabinets,  that  it  is  sometimes  con- 
founded with  the  latter. 

The  strata  of  this  rock,  in  different  circum- 
stances, exhibit  various  appearances.  Sometimes 
they  present  a waved  structure,  when  in  some  cases 
the  stratification  is  twisted  and  warped  in  various 
directions,  and  sometimes  they  appear  to  be  of  a 
straight  slaty  structure  ; and  then  the  micaceous 
schistus,  having  the  ingredients  of  which  it  is  com- 
posed very  intimately  mixed  together,  is  of  a 
uniform  texture,  and  comes  very  near,  excepting 
in  a greater  degree  of  hardness,  to  argillaceous 
schistus. 

Micaceous  schistus  reposes  on  gneiss,  forming 
mountainous  chains  of  very  considerable  length, 
and,  like  the  latter,  the  mountains  of  this  rock  are 
distinguished  by  rounded  summits,  but  with  more 
model  ate  acclivities,  and  less  considerable  jwe- 
cipice3. 

’This  rocx  is  very  abundant  in  many  countries. 
The  greater  number  of  the  rich  mines  in  Sweden 
and  Norway,  as  well  as  many  of  those  of  Saxony 
and  Hungary,  are  situated  in  micaceous  schistus. 
A chain  of  mountains,  composed  of  this  rock, 
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stretches  through  Strath  Tay  and  Strath  Errick. 
in  the  interior  of  Scotland.  But  the  islands  of 
Arran,  Islay,  and  Jura,  on  the  western  coast,  afford 
the  most  interesting  and  extensive  examples  of 
micaceous  schistus.  In  Arran  it  rests  immediately 
on  the  granite,  and  forms  many  of  the  second  class 
of  mountains  of  that  island.  In  Islay  and  Jura 
the  micaceous  schistus  reposes  on  granular  quartz  ; 
which  latter,  in  this  case,  seems  to  occupy  the  place 
of  granite  or  gneiss,  and  forms,  as  it  were,  the  nu- 
cleus of  those  islands.  Almost  the  whole  of  the 
rocks  which  skirt  the  shores  of  both  islands,  as 
well  as  the  mountains  of  inferior  height  in  the  in- 
terior, are  micaceous  schistus.  On  the  shores  in 
general,  no  other  kind  of  rock  appears  ; but  in 
the  valleys  or  flat  parts  in  the  interior  of  Islay, 
the  schistus  is  covered  by  extensive  strata  of  gra- 
nular limestone. 

4.  Argillaceous  Schistus. 

The  rocks  which  come  under  the  general  deno- 
mination of  argillaceous  schistus  are  not  limited 
to  those  of  the  primitive  class ; they  appear  also 
in  the  secondary  class,  but  with  characters  which 
are  considered  sufficiently  discriminative. 

The  primitive  argillaceous  schistus  has  a slaty 
structure,  and  is  distinctly  stratified.  Sometimes 
it  is  found  to  contain  beds  of  chlorite  and  hone 
slate,  or  to  alternate  with  this  latter ; and  by  this 
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it  is  characterised  and  distinguished  from  the  se- 
condary  rocks  of  the  same  name. 

Argillaceous  schistus  belonging  to  the  primitive 
class  reposes  on  micaceous  schistus.  Entire  moun- 
tains are  sometimes  composed  of  this  rock,  and 
sometimes  mountainous  chains  of  a considerable 
extent;  but  in  general  die  mountains  have  a gentle 
ascent,  and  are  less  steep  and  precipitous  than  those 
formerly  described. 

This  rock  is  remarkable  for  being  very  rich  in 

1 : 

some  of  the  metallic  ores.  The  celebrated  mines 

* 

of  quicksilver  of  Idria  are  in  argillaceous  schistus; 
and  the  immense  mass  of  copper  and  iron  pyrites 
in  Pary’s  mountain  in  the  island  of  Anglesey  is 
disposed  in  a similar  rock. 

Rocks  of  argillaceous  schistus  are  by  no  means 
of  rare  occurrence,  and  particularly  in  our  own 
country.  In  many  parts  it  is  very  common  and 
very  abundant.  Some  of  the  smaller  islands  of 
the  Hebrides  on  the  west  coast  are  entirely  com- 
posed of  this  rock  ; such,  for  instance,  as  Easdale, 
and  numerous  other  islands  in  its  neighbourhood, 
which  have  long  furnished  roof  slate  uf  the  best 
quality,  and  on  that  account  are  known  by  the 
characteristic  name  of  the  Slate  Islands. 

Many  oi  those  islands  have  been  long  a source 
of  great  emolument  to  the  proprietors,  and  have 
afforded  employment  to  thousands  of  poisons,  in 
digging,  si  ipping,  and  conveying  slates  to  all 
parts  of  B;itain  and  Ireland,  and  sometimes  to 
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more  distant  places.  A few  years  ago,  when  I vi- 
sited the  island  of  Easdale,  the  workings  were 
carried  below  the  level  of  the  sea  ; yet  such  was 
the  importance  of  this  quarry,  that  it  was  con- 
sidered worth  while  to  erect  a steam  engine  to 
carry  off  the  water.. 

In  the  same  island  I observed  the  strata  to  lie 
about  an  angle  of  45°  from  the  horizon,  and  in- 
clining from  north  to  south.  The  strata  are  in- 
tersected with  veins  of  quartz ; and  in  one  place 
a considerable  whin  dyke  traverses  the  island. 
Some  quarries  of  excellent  slate  have  been  aEo 
within  thesef  few  years  opened  in  the  island  of 
Bute.  The  low  hills  on  the  banks  of  Lochlomond 
likewise  furnish  slate'.  lii  the  neighbourhood  of 
D'unkeld  quarries  of  slate  have  been  long  wrought. 
In  other  parts  of  Scotland  this  rock  is  not  uncom- 
mon, but  it  is  usually  of  an  inferior  quality. 

The  slate  of  North  Wales  is  supposed  to  belong 
to  the  secondary  class  of  rocks,  according  to  our 
arrangement,  or  to  the  transition  rocks  of  others. 
It  reposes  on  green  stone;  and,  excepting  veins' 
of  quartz  and  calcareous  spar,  accompanied  by 
blende  and  galena,  seems  to  contain  no  other  ex- 
traneous minerals.  Another  variety  of  argillaceous 
schistus  is  distinguished  by  having  impressions  of 
organized  bodies  and  figured  pyrites.  This  va- 
riety is  met  with  in  Derbyshire,  where  it  rests  on 
secondary  limestone. 
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5.  Limestone. 

Limestone  is  not  uncommon  in  most  countries 
oi  the  world,  and  in  some  it  is  very  abundant. 
Limestone  exists  both  in  the  primitive  and  se- 
condary classes  of  rocks ; the  first  being  distin- 
guisned  by  its  crystalline  texture  and  some  degree 
ot  transparency,  and  the  latter  by  an  earthy  ap- 
pearance and  complete  opacity.  Primitive  lime- 
stone is  sometimes  subordinate  to  gneiss,  that  is, 

beds  of  this  variety  of  limestone  rest  on  the  latter 
rock. 

To  the  class  of  primitive  limestones  belongs’ 
chiefly  the  lich  variety  of  beautiful  stones  known 
by  the  name  of  marbles.  The  most  valuable  of 
the  calcareous  marbles,  for  very  different  stones 
ha\  e been  brought  under  the  same  denomination, 
are  those  which  have  been  obtained,  both  in  an- 
cieni  and  modern  times,  from  Italy  and  some  of 
the  Greek  islands.  In  hardness,  durability,  and 
colour,  the  Carrara  and  Parian  marbles  have  been 
from  the  earliest  times  preferred  to  all  others; 
and  hence  Carrara  in  Italy,  and  the  island  of 
Paros  in  Greece,  have  continued  from  time  im- 
memorial the  chief  sources  of  statuary  marble. 
The  marbles  of  Arragon  in  Spain,  of  Sienna,  and 
oi  Syria,  which  are  of  a yellowish  colour,  have 
been  long  also  in  great  estimation.  The  Floren- 
tine marble,  with  yellowish  brown  designs,  exhiv 
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■biting  the  representation  of  architectural  ruins, 
and  the  breccia  called  Bvocatello  marble,  which 
is  composed  of  small  fragments  of  yellowish,  red, 
and  purple  limestone,  cemented  by  white  semi- 
transparent calcareous  spar,  are  also  greatly  sough*, 
after,  and  much  admired.  Some  of  the  British 
marbles  are  far  from  being  destitute  of  beauty. 
The  marble  of  Tiree  is  indeed  not  inferior  to 
some  of  the  more  beautiful  of  the  Italian  marbles, 
were  it  not  that  the  delicate  flesh-coloured  ground, 
as  well  as  the  green  spots  with  which  it  is  marked, 
are  apt  to  fade  on  exposure  to  the  air.  The 
county  of  Sutherland  in  the  north  of  Scotland 
also  affords  marbles,  some  of  which  possess  con- 
siderable beauty.  The  island  of  Skye,  and  other 
parts  of  Scotland,  furnish  marble  of  inferior  value ; 
but  some  beautiful  varieties  are  found  in  England, 
and  particularly  in  Devonshire  and  Derbyshire. 
But  some  of  the  marbles  must  be  classed  with  the 
secondary  limestones,  as  the  Lumachella  marble, 
which  is  a grayish  brown  compact  limestone,  con- 
taining shells  that  still  retain  a good  deal  of  the 
pearly  lustre ; and  the  celebrated  fire  marble  of 
Carinthia,  which  is  also  a compact  limestone  of  a 
grayish  brown  colour,  and  in  which  the  implanted 
shells  exhibit  a fire  colour,  with  a beautiful  iri- 
descent lustre.  Some  varieties  of  the  latter  marble 
are  extremely  splendid. 

An  extensive  mass  of  primitive  limestone  runs 
through  almost  the  whole  of  the  interior  of  the- 
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island  of  Islay.  This  remarkable  body  of  limestone, 
which  reposes  immediately  on  the  micaceouj? 
schistus,  has  been  already  noticed  by  the  Author 
in  the  preceding  work.  Primitive  limestone  is 
not  uncommon  in  the  Grampians  ,and  some  other 
places  of  Scotland.  A limestone  of  an  excellent 
quality,  and  exactly  similar  to  that  of  the  Gram- 
pians, is  dug  out  near  Campbeltown,  in  the  Cantire 
district  of  Argyleshire.  This  limestone  is  dis- 
tinguished by  a crystalline  texture,  and  a blackish 
gray  colour;  blit  yields  when  burnt  a w hite  lime 
of  considerable  purity. 

The  magnesian  limestone,  examined  and  ana- 
lysed by  Mr  Tennant,  is  abundant  in  Notingham- 
shire  and  Yorkshire  ; it  extends  from  the  vicinity 
of  Worksop,  in  the  former  county,  to  Ferrybridge 
in  the  latter,  a distance  of  no  less  than  30  miles. 
This  limestone,  which  is  also  met  with  in  strata 
at  Bredon  hill  near  Derby,  and  at  Matlock  in  the 
-same  county,  and  not  uncommon  in  Northumber- 
land, is  supposed  to  Test  upon  secondary  lime- 
stone. In  some  rare  cases  shells  have  been  found 
in  it. 

From  an  imperfect  account  which  I have  lately 
received  of  this  stone,  it  appears  to  be  regularly 
stratified;  the  strata  or  beds  are  in  general  not 
.thicker  than  a common  brick,  and  lie  nearly  in  a 
horizontal  position.  The  thickness  of  the  whole  mass, 
in  several  places  where  it  has  been  dug  through, 
is  said  to  be  from  20  to  30  feet;  and  in  digging 
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downwards,  a marly  substance  has  been  found.  It 
is  observed  that  the  limestone,  as  it  approaches  to 
the  marl,  is  less  pure,  and  consequently  less  fit  for 
the  purposes  of  manure,  to  which  it  is  extensively 
applied  in  that  country. 

ihis  stone  has  been  long  employed  for  the  pur- 
poses of  building.  It  is  with  this  limestone  that 
Westminster  Hall  in  London  is  built ; the  cele- 
brated minster  of  York,  and  the  walls  which  sur- 

v « . * '■*  . • . v w 

round  that  city,  are  built  of  the  same  stone. 

Roestone,  so  called  from  the  resemblance  which 
some  of  its  varieties  bear  to  the  roe  of  fish,  exists 
in  considerable  abundance  in  some  countries,  as  in 
Sweden  and  Switzerland,  but  particularly  in  Thu- 
ringia in  Saxony.  The  Ketton  stone  of  England, 
and  the  celebrated  Portland  stone,  are  classed  with 
this  variety  of  limestone.  This  limestone  is  some- 
times employed  as  a manure,  by  breaking  it  . own 

i • • * * 

and  exposing  it  to  the  action  of  the  air.  The 
quantity  of  clay  with  which  it  is  intimately  mix- 

I * i f • * 

ed,  prevents  it  from  being  properly  calcined,  so  as 

v t i # < w i 

to  convert  it  into  quicklime. 

The  Portland  stone  derives  its  name  from  the 
island  of  Portland,  which  is  situated  in  Weymouth 
Bay,  in  the  British  Channel.  This  stone  extends 
over  the  whole  island,  wTich  is  4k  miles  long 
and  2 bread,  and  it  is  dug  out  in  every  part  of 
the  island ; but  the  quarries  of  Kingston  are  the 
most  productive.  According  to  Mr  Smeaton, 
from  whom  this  account  is  taken,  9>000  tons  of 
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stone  were  supposed  in  his  time  to  be  dug  out 
annually.  The  first  stratum  in  the  quarries  is  a 
blackish  or  reddish  earth,  about  1 foot  thick ; to 
this  succeed  6 feet  of  cap , or  stone  of  an  inferior 
quality,  because  it  is  found  unfit  for  exportation. 
The  stratum  of  roestone,  or  freestone,  as  it  is  call- 
ed, is  universally  covered  with  a stratum  of  cap . 
From  the  imperfect  description  of  this  latter,  it 
seems  .difficult  to  say  what  is  its  precise  nature ; 
whether  it  be  a coarser  and  harder  kind  of  lime- 
stone, or  whether  it  be  a less  perfect  sandstone. 
It  is,  however,  only  employed  for  the  more  com- 
mon purposes  of  building.  Immediately  under 
the  cap}its  the  roestone  or  freestone,  which  is  10 
or  12  feet  deep,  and  beneath  this  bed  there  is  flint 
or  clay.  In  some  parts  an  irregular  vein  of  flint 
runs  through  it.  The  stratum  of  stone  that  is 
wrought  for  sale  lies  nearly  parrallel  with  the  up- 
per surface  of  the  island,  and  in  general  the  cover 
of  earth  or  rubbish  upon  it  is  thin.  Several  beds 
of  stone  lie  in  contiguity  one  above  another,  vary- 
ing in  thickness  from  2 to  4 feet,  and  sometimes 
more.  In  the  splitting  and  working  of  Portland 
stone,  animal  remains  are  often  found,  which  are 
chiefly  oyster  and  some  other  fossil  shells. 

Portland  stone,  it  is  said,  was  brought  into  repute 
in  the  reign  of  James  I.  That  monarch,  by  the  ad- 
vice of  his  architects,  employed  it  in  the  construc- 
tion of  the  banqueting-house  at  Whitehall.  After 
the  great  fire  in  To.mlon,  it  was  brought  into  very 
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general  use  by  Sir  Christopher  Wren  in  the  erec- 
tion of  various  public  buildings. 

Some  oi  the  most  splendid  edifices  in  this  coun- 
try are  constructed  of  this  stone  ; as  St  Paul’s  Ca- 
thedral, the  Monument,  and  almost  every  fabric  of 
note  in  London ; the  New  Custom-  house,  the  former 

• • \ • » * . * V 

Parliament-house,  now  the  national  Bank  of  Ire- 
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land,  and  most  of  the  buildings  of  Trinity  College 
in  Dublin. 

Along  with  the  secondary  limestones  may  be 

* v,  v * . « .>'•.*  ' 

classed  the  different  varieties  of  marl,  as  the  earthy 
marl,  which  is  met  with  in  beds,  sometimes  ih 

secondary  limestone,  and  sometimes  in  sandstone; 

• , * \ » 

indurated  marl,  which  is  chiefly  found  in  beds 

. \ < ' * * 

alternating  with  secondary  limestone,  or  forming 
nests  in  the  latter;  what  is  called  shell  marl,  is 
either  the  earthy  or  indurated  marl,  which  abounds 
with  shells. 

As  connected  with  the  above  may  be  noticed 
a singu.ar  variety  of  limestone,  or  marl,  denomi- 
nated bituminous  marl  schistus , or  marlite.  This 
exists  in  beds  in  secondary  limestone,  and  is  often 
mixed  with  different  ores  of  copper,  particularly 
the  vitreous  and  pyritical ; and  sometimes,  but 
more  rarely,  with  the  green  or  blue  carbonate  of 
copper,  and  even  native  copper  itself,  and  then 
it  is  worked  as  an  ore  of  copper.  But  the  pecu- 
liar circumstance  connected  with  this  marlite  is, 
that  it  contains  petrified  fish,  with  vegetable  re- 
mains regularly  arranged  in  bands.  The  bodies 
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of  the  fish  are  carbonised,  and  their  scales  are 
often  plated  with  copper  ore ; and  although  the 
layers  are  very  regular,  it  is  observed  that  each 
hsh  is  in  a contorted  position,  from  which  it  is  in- 
ferred that  it  had  suddenly  undergone  a violent 
death.  This  marlite  is  met  with  at  Eisleben  and 

Ilmenau  in  Thuringia,  and  Riegelsdori  mHessia*. 

* » * 

6.  Trap. 

The  rocks  which  come  under  this  denomina- 
tion are  found  both  among  the  primitive  and  se- 
condary classes.  The  varieties  of  rocks  included 
under  primitive  trap,  which  are  common  horn- 
blende; slaty  hornblende,  primitive  green  stone, 
and  schistose  green  stone,  have  been  already  de- 
scribed. 

Some  of  the  varieties  of  rock  included  under 
primitive  trap  are  found  in  great  abundance  in 
different  countries.  Common  hornblende  rock  is 

, .V 

frequently  met  with,  either  in  gneiss,  micaceous, 
or  argillaceous  schistus,  in  different  places  on  the 
west  coast  of  Scotland,  as  well  as  in  some  of  the 
Hebrides.  Common  green  stone  is  found  also  in 
similar  places. 

Among  the  secondary  traps  are  to  be  reckoned 


* Aikin’s  Dictionary  of  Chcm.  & Min.  II.  67. 
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the  amygdaloid  of  Derbyshire,  which  exists  in 
that  county  in  great  beds. 

To  the  secondary  traps  also  belong  basalt, 
wacken,  schistose  porphyry,  basaltic  tufa,  ano- 
ther variety  of  amygdaloid  and  green  stone.  Of 
all  the  rocks  now  enumerated,  the  first,  or  basalt, 
is  the  most  common,  and  most  widely  distributed. 
It  forms  oi  itself  entire  mountains,  which  some- 
times rise  to  a considerable  height  and  of  a coni- 
cal form.  Basalt  frequently  assumes  a regular  co- 
lumnar appearance.  An  example  of  this  may  be 
seen  on  the  south-west  side  of  Arthur’s  Seat,  near 
Edinburgh  ; but  the  finest  examples  in  this  coun- 
try, are  those  of  Staffa,  on  the  west  coast  of  Scot- 
land, and  the  Giant’s  Causeway  in  the  north  of 
Ireland.  Numerous  appearances  of  the  same  kind 
may  be  observed  in  other  islands  of  the  Hebrides. 
Extensive  ranges  of  basaltic  columns  are  also  not 
uncommon  in  other  parts  of  the  world,  as  those  of 
Velay  and  Vivarais  in  France,  which  are  parti- 
cularly described  in  the  splendid  work  of  Faujas 
De  St  Fond.  Columnar  basalt  is  also  not  unfre- 
quent, according  to  Dolomieu,  on  the  shores  of  Si- 
cily ; and  hence  it  has  been  supposed  to  be  lava 
ejected  from  the  volcano,  which  has  assumed  this 
regular  form.  Similar  appearances  in  Iceland  and 
other  volcanic  countries  have  given  countenance 
to  the  same  opinion. 

Wacken  is  composed  of  the  mineral  already 
described,  mixed  with  crystals  of  basaltic  horn- 
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blende.  It  is  distinguished  also  by  containing 
plates  of  black  mica  of  a hexagonal  form.  Mo 
crystals  of  olivine  or  augite  are  found  in  it,  and 
by  this  it  may  be  distinguished  from  decomposing 
basalt.  It  is  not  uncommon  in  basaltic  countries, 
and  particularly  in  many  places  of  Scotland. 

Schistose  porphyry,  phonolite,  or  clinkstone,  ap- 
pears frequently  to  assume  a columnar  or  tabular 
form.  The  south  side  of  Traprene  Law,  in  Last 
Lothian,  affords  a good  example  of  the  columnar 
form  of  thi , stone.  Schistose  porphyry  is  also  the 
prevailing  rock  in  North  Berwick  Law  in  the 
same  county.  It  also  appears  in  some  parts  of 
the  Pentland  and  Braid  hills  near  Edinburgh,  and 
is  very  common  in  the  islands  of  Arran  and  Lam- 
lash  on  the  west  coast  of  Scotland. 

Basaltic  tufa  sometimes  constitutes  considerable 
beds,  lying  nearly  horizontal,  and  alternating 
sometimes  with  basalt.  This  substance  seems  to 

N. 

originate  from  the  disintegration  of  beds  of  basalt, 
as  it  is  composed  of  pieces  of  this  rock  with  frag- 
ment of  olivine  and  vegetable  remains,  loosely  ce- 
mented together  by  an  argillaceous  matter.  In 
the  island  of  Cannay,  on  the  west  of  Scotland, 
there  is  an  excellent  example  of  a bed  of  basaltic 
tufa,  in  which  I observed  considerable  masses  of 
wood,  some  of  which  not  only  retained  the  fibrous 
texture,  but  seemed  to  have  undergone  very  little 
change.  When  dried,  it  burnt  freely  in  the  flame 
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of  a candle.  From  the  appearance  of  the  fibre, 
it  seems  to  be  a species  of  oak. 

Basaltic  tufa  is  also  met  with  in  Arthurs  Seat, 
in  the  vicinity  of  Edinburgh. 

The  variety  of  amygdaloid  mentioned  above 

has  for  its  base  a decomposed  greenstone.  The 

cavities  of  this  rock  are  sometimes  empty,  but  are 

>• 

often  filled  with  green  earth,  zeolite,  calcareous 
spar,  calcedony,  agate,  &c.  This  rock  is  not  un- 
frequent in  basaltic  countries. 

The  greenstone  belonging  to  the  secondary 
traps  is  also  composed  of  hornblende  and  feld- 
spar ; but  the  crystalline  appearance  of  the  grains 
is  less  perfect,  while  the  stratification  of  this  rock 
is  often  very  distinct.  This  greenstone  is  also 
common  in  countries  where  basalt  is  abundant. 

The  rocks  now  classed  under  secondary  trap, 
often  repose  on  secondary  limestone,  sometimes 
on  sandstone,  and  even,  it  is  said,  they  have  been 
observed  immediately  connected  with  gneiss  or 
granite.  This  class  of  rocks  is  in  general  des- 
titute of  metallic  veins,  but  it  frequently  abounds 
with  the  remains  of  vegetables  and  marine  ani- 
mals. 


7.  Serpentine . 

Serpentine  is  considered  as  exclusively  con- 
nected with  the  primitive  class  of  rocks.  It  rarely 
contains  beds  of  other  minerals ; but  it  is  often 
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penetrated  by  veins  which  are  composed  of  gra- 
nular limestone,  calcareous  spar,  steatites,  asbestos, 
garnets,  and  sometimes  copper  and  magnetic  iron. 
Two  varieties  of  serpentine  have  been  described. 
The  first,  or  noble  serpentine,  usually  reposes  on 
granite,  gneiss,  or  micaceous  schistus.  This  va- 
riety is  found  in  Corsica,  Italy,  and  Siberia,  and 
particularly  at  Portsoy  in  Scotland.  The  beauti- 
ful serpentine  which  is  found  near  the  harbour  of 
Portsoy  is  disposed  in  vertical  strata,  and  accom- 
panied with  micaceous  schistus,  maible,  and  horn- 
blende rock.  From  the  description  given  of  these 
strata,  it  appears  that  there  is  first  a stratum  of 
marble  about  12  feet  thick,  which,  as  well  as  the 
rest,  stretches  in  a north-east  and  south-west  di- 
rection j to  this  succeeds  a stratum  of  micaceous 
schistus,  between  30  and  40  feet  thick ; the  next 
stratum  is  serpentine,  the  thickness  of  which  seems 
not  less  than  50  feet ; to  this  succeeds  a stratum 
of  micaceous  schistus,  50  or  60  feet  thick.  Where 
the  latter  stratum  is  in  contact  with  the  serpen- 
tine, it  is  almost  entirely  composed  of  quartz. 
The  next  stratum  is  of  marble,  not  less  than  40 
feet  thick,  but  it  is  divided  nearly  in  the  middle 
by  a thin  stratum  of  micaceous  schistus.  This  is 
succeeded  by  another  stratum  of  serpentine,  not 
so  thick  as  the  former,  but  seemingly  of  the  same 
nature.  The  rock  which  is  iii  contact  with  this 
serpentine  is  schistose  hornblende,  traversed  by 
reins  of  granite,  running  in  different  directions. 
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and  varying  in  breadth  from  1 to  8 feet.  Thu 
hornblende  rock  forms  the  harbour  of  Portsoy,  and 
continues  to  a considerable  distance  beyond  it, 
but  is  divided  by  another  stratum  of  serpentine  of 
considerable  thickness 

. fhe  other  vai'*ety  of  serpentine  noticed  above 
inc.udes  common  serpentine,  and  is  less  pene- 
trated by  veins.  This  variety  is  met  with  in 
Saxony  and  other  parts  of  Germany,  but  parties 
iaiJy  in  Cornwall  xn  England, 

B.  Porphyry 

Some  of  the  rocks  which  come  under  the  deno- 
mination oi  porphyry,  belong  not  only  to  the  pri- 
mitive, but  also  to  the  secondary  class.  Some  of 
the  latter  have  been  already  described,  as  the 
schistose  porphyry,  which  is  included  under  the 
secondary  trap.  Mountains  of  porphyry,  it  has 
been  observed,  are  rarely  stratified,  and  never  in- 
close beds  of  other  substances.  Porphyry  is  not 
very  rich  in  mineral  veins,  although  some  of  the 
varieties  are  remarkable  exceptions  to  this  ; for 
the  uch  mines  oi  Schemnitz  in  Hungary  are  si- 
tuated in  an  argillaceous  porphyry. 

Porphyry  is  not  a very  Common  rock  in  this 
country.  It  is,  however,  met  with  in  some  places 
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in  Perthshire.  Clay  porphyry  and  pitchstone  por- 
phyry are  not  uncommon' in  the  island  of  Arran  ; 
and  a feldspar  porphyry  of  considerable  beauty 
forms  the  rocks  on  the  west  side  of  the  island  of 
Rasay,  opposite  the  island  of  Skye. 

9.  Syenite . 

This  rock  derives  its  name  from  the  city  of 
Syene  in  Upper  Egypt,  where  it  is  found  in  great 
abundance.  Syenite  has  been  long  celebrated 
as  being  employed  by  the  ancients  in  architec- 
ture. It  has  usually  been  considered  as  a granite. 

Syenite  is  commonly  massive,  and  is  more  rarely 
stratified,  or  of  a schistose  texture.  Sometimes, 
however,  the  strata  are  pretty  distinct,  and  the 
schistose  texture  is  also  sufficiently  obvious.  This 
is  particularly  the  case  with  a great  body  of  sye- 
nite, which  forms  that  part  of  the  island  of  Islay 
called  the  Rhins.  In  the  island  of  Oversa  in  that 
part  of  Islay,  I observed  not  only  the  appearance 
of  stratification,  but  also  the  schistose  texture. 
There  is  a great  mass  of  syenite  on  the  east  side 
of  Lochbroom,  not  far  from  Ullapool,  in  the  north 
of  Scotland.  In  my  geological  researches  among* 
the  rocks  to  the  north  of  that  village,  a striking 
appearance  presented  itself.  On  one  side  of  a 
fissure,  the  rocks  were  composed  of  syenite,  simi- 
lar to  that  which  forms  one  side  of  the  harbour ; 
hut  on  the  other  side  there  is  a great  mass  of 
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plumpudding  stone,  or  breccia,  composed  chiefly 
ot  rounded  pieces  of  siliceous  stone,  cemented  by 
a substance  which,  from  its  great  hardness,  con- 
sists chiefly  of  siliceous  matter. 

10.  Quartz. 

Quartz,  when  compared  with  other  rocks,  does 
not  appear,  at  least  in  this  country,  to  constitute 
very  extensive  masses.  In  small  proportions,  how- 
ever, it  is  not  unfrequent,  forming  beds  or  veins 
in  micaceous  or  argillaceous  schistus,  and  some- 
times also  in  gneiss  and  granite.  But  some  very  re- 
markable masses  of  quartz  are  found  in  Scotland, 
as  in  some  parts  of  Ross-shire  ; 'and  particularly  in 
the  islands  of  Islay  and  Jura,  where  that  variety, 
which  is  distinguished  by  the  name  of  granular 
quartz,  or,  by  some  writers,  primitive  sandstone, 
forms  by  far  the  greatest  proportion  of  the  rocks 
of  those  islands.  The  principal  mountains,  some 
of  which  rise  to  a great  height  in  both  islands,  are 
composed  of  granular  quartz.  This  rock,  indeed, 
may  be  considered  as  the  basis  on  which  the  other 
rocks  of  those  islands  rest ; and  as  in  some  mea- 
sure occupying  the  place  of  granite  or  gneiss,  on 
whioh  micaceous  schistus  usually  reposes. 

11.  Wacken . 

Gray  wacken,  or  grauwacker,  as  it  is  deno- 
minated in  the  German,  from  which  the  word  is 
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derived,  forms  a very  great  extent  of  rock  in  dif- 
ferent countries.  It  is  very  abundant  in  Scotland. 
Two  varieties  of  this  rock  have  been  noticed;  the 
common  and  schistose  gray  wacken.  The  latter 
is  found  in  the  form  of  beds,  alternating  with  the 

former  variety.  The  stratification  of  this  kind  of 

* 

rock  is  commonly  very  distinct ; and  besides  al- 
ternating with  each  other,  alternations  with  lime- 
stone, trap,  and  siliceous  schistus,  have  been  some- 
times observed. 

This  rock  is  very  rich  in  metallic  ores.  The 
celebrated  silver  and  lead  mines  in  the  Hartz  are 
in  gray  wacken,  and  some  of  the  gold  mines  in 
Transylvania  are  in  a similar  rock.  The  lead 
mines  of  Leadhills  and  Wanlockhead,  and  the 
antimony  mine  at  Westerhall,  in  the  neighbour- 
hood of  Langholm  in  Scotland,  are  situated  in  the 
same  kind  of  rock. 

Rocks  of  gray  wacken  are  very  common  both 
in  the  northern  and  southern  parts  of  Scotland. 


12.  Sandstone. 

% 

Three  varieties  of  sandstone  have  been  noticed. 
All  the  varieties  are  distinctly  stratified ; and  in 
some  beds  there  are  found  regular  fissures  which 
run  in  two  directions  perpendicular  to  the  stratifi- 
cation, so  that  the  stone  is  divided  into  the  form  of 

parallelopipeds. 

Vol.  1L 
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The  first  variety  is  red  sandstone,  wh'ch  re- 
poses immediately  on  gray  waclcen.  This  sand- 
stone is  very  common  and  very  abundant  in  some 
places  of.  Scotland.  A great  mass  of  it  extends 
along  the  shore  from  Greenock  on  the  west  coast, 
nearly  to  Saltcoats,  where  it  is  succeeded  by  the 
strata  of  coal.  The  same  variety  of  sandstone  is 
met  with  in  different  places  near  the  Murray 
Frith,  in  the  north  of  Scotland.  It  is  also  not 
uncommon  in  different  places  of  the  south  of 
Scotland,  and  is  frequent  in  many  places  of  Eng- 
land. Foreign  minerals  are  often  met  with  in 
this  variety  of  sandstone,  and  particularly  small 
fragments  of  reddle,  and  vitreous  and  other  ores 
pf  copper.  It  is  in  this  variety  of  sandstone  that 
a carbonate  of  copper  is  found,  which  was  for- 
merly wrought  near  Gouroclc,  a few  miles  from 
Greenock. 

The  second  variety  of  sandstone  is  remarkable 
for  the  diversity  of  colours,  arranged  in  spots  or 
stripes,  w hich  it  exhibits.  This  variety  sometimes 
alternates  with  schistose  sandstone  or  flagstone, 
and  sometimes  also  with  roestone.  This  sandstone 
rests  on  secondary  gypsum,  and  is  covered  by  se- 
condary limestone.  It  is  abundant  in  many  places 
of  Germany,  and  is  supposed  to  be  the  same  va- 
riety which  accompanies  the  roestone  of  Eng- 
land. 

The  third  variety  of  sandstone  has  a calcareous 
pement,  and  is  of  a light  grayish  or  yellowish 
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colour.  This  variety  is  never  connected  with 
gypsum,  and  does  not  alternate  vuth  flagstone  or 
roestone  It  is  not  uncommon  in  the  vicinity  of 
the  strata  which  accompany  coal,  so  that  it  is 
abundant  in  different  places  of  Britain. 

> ' . 

13.  Gypsum . 

Three  varieties  of  gypsum  have  been  distinctly 
marked.  The  first,  which  has  been  already  no- 
ticed has  been  hitherto  only  met  with  in  mica- 
ceous schisius  among  the  Swiss  Alps. 

The  second  variety  is  disposed  in  beds,  which 
alternate  with  swinestone,  and  sometimes  with 
rock  salt.  It  contains  other  minerals  imbedded  in 
it,  such  as  quartz,  arragonite,  boracite,  and  sul- 
phur. It  is  observed,  too,  that  the  greater  num- 
ber of  salt  springs  proceed  from  this  gypsum. 

The  third  variety  is  distinguished  by  containing 
fibrous  gypsum,  which  is  not  met  with  in  the  two 
iormer.  The  only  organic  remains  which  are 
found  in  this  variety  are  the  bones  of  quadru- 
peds. They  exist  also  in  the  preceding.  This 
variety  of  gypsum  reposes  on  secondary  sand- 
stone, alternating  with  indurated  clay  and  sand- 
stone, and  frequently  covered  with  secondary 
limestone. 

Gypsum  usually  forms  banks  and  hills  of  no 
great  elevation,  in  plain  countries,  or  at  he  mouth 
of  spacious  valleys.  It  is  veiy  abundant  in  some 
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countries,  as  in  several  places  of  Germany,  Spain, 
and  Poland,  and  particularly  at  Mont  Martre  in 
the  neighbourhood  of  Paris.  Gypsum  is  also  met 
with  in  Pennsylvania  in  North  America,  and  in 
considerable  quantity  in  some  places  of  England, 
particularly  in  Nottinghamshire,  Yorkshire,  Derby- 
shire, and  Cheshire. 


14.  Rock  Salt . 

Rock  salt  is  always  accompanied  with  an  in- 
durated clay,  which  is  generally  much  impreg- 
nated with  the  salt.  The  distribution  of  rock  salt 
is  usually  between  secondary  gypsum  and  seconds 
ary  sandstone.  It  alternates  with  beds  of  swine- 
stone,  gypsum,  limestone,  and  sandstone.  It  often 
forms  continuous  beds  of  great  thickness,  and  is 
also  frequently  met  with  in  large  solitary  blocks. 
The  beds  of  rock  salt  are  for  the  most  part  below 
the  surface  of  the  ground.  Sometimes,  however, 
it  is  elevated  into  hills  of  considerable  height. 
Cardona  in  Valencia  in  Spain  is  a mountain  which 
is  entirely  composed  of  rock  salt,  and  is  not  less 
than  400  or  500  feet  high.  In  the  province  of 
Lahore  in  Hindostan,  there  is  a mountain  of  the 
same  mineral,  which  is  said  not  to  be  inferior  in 
magnitude ; and  the  elevated  regions  of  Peru  af- 
ford rock  salt  at  the  height  of  7000  feet. 

Rock  salt  is  not  of  very  frequent  occurrence; 
but  at  the  same  time  it  is  not  to  be  considered 
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&3  a rare  mineral  production.  It  is  met  with  not 
only  m different  parts  of  Turope,  but  also  in 
Asia,  Africa,  and  America.  Rock  salt  is  so 
abundant  in  the  desert  of  Caramania,  in  Asia 
Minor,  and  the  air  is  so  dry,  that  it  is  employed  as 
a material  tor  building.  It  appears  from  the  in- 
formation of  Hornemann,  that  this  mineral  forms 
the  surface  of  a great  part  of  the  northern  desart 
of  Lybia. 

The  Polish  salt  mines  at  Wieliczka,  about  eight 
miles  to  the  south-east  of  Cracow,  have  been  long 
celebrated,  and  the  most  extravagant  descriptions 
of  the  splendour  of  those  spacious  excavations 
have  been  given  by  travellers  ; so  that,  as  Mr 
Townson  observes,  any  account  of  them  dictated 
by  sobriety  of  judgment  must  appear  dull  and*  in- 
sipid* Those  mines  have  been  worked  for  more 
than  6’00  years ; and  before  the  partition  of  Poland 
in  the  year  1774,  it  is  said  that  they  furnished  so 

considerable  a share  of  the  revenue  of  the  king  as 

% 

to  yield  an  annual  profit,  which  usually  exceeded 
L.  t)0,000  Sterling. 

The  following  is  ah  account  of  the  strata  which 
cover  the  salt  in  the  Polish  mines. 

Fathoms. 

Vegetable  soil,  - 4 

Sandy  clay,  5 

Tine  sand  like  Tripoli  effervescing  with 

acids,  « - ' 3*5 
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Marl  with  sand,  and  containing  fragments 
ot  sandstone,  Q 

Sandstone,  \ 

Marl  mixed  with  salt  in  small  particles 

and  cubes,  20 

i ' 

At  the  depth  of  20  fathoms  in  the  above  marl 
are  found  the  masses  ot  salt,  which  are  disposed 
in  the  form  of  short  beds,  or  rather  immense  de- 
tached blocks,  which  are  imbedded  in  the  marl. 
These  blocks  are  of  such  a size,  that  in  passing 
through  the  galleries  formed  in  them,  sometimes 
the  upper,  and  sometimes  the  lower  end  only  of  a 
block  may  be  seen  ; but  often,  though  the  galleries 
are  3 or  4 cards  high,  the  breadth  can  only  be  ob- 
served, and  even  in  some  places  the  blocks  of 
salt  form  the  sides  of  the  gallery  for  15  or  20 
yards.  These  blocks  compose  the  upper  bed  of 
salt,  and  from  them  the  whole  of  what  is  called 
the  green  salt  is  obtained.  This  salt,  which  is  of  a 
greenish  or  blackish  hue,  owes  its  colour  to  nu- 
merous fine  particles  of  a substance  which  seems 
to  be  of  the  nature  of  argillaceous  schistus  scat- 
tered through  it.  This  variety  of  salt,  on  account 
of  its  impurity,  is  retained  in  the  country  for 
home  consumption.  In  this  marl  also  blocks  of 
sandstone  are  sometimes  found  imbedded,  and  the 
marl  itself  is  strongly  impregnated  with  salt. 
Lower  down  there  is  another  bed  of  salt,  called 
s%jtucker  salt , which  is  in  some  places  2 or  3 yard* 
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thick,  is  of  a purer  quality  than  the  former,  and  is 
exported  to  foreign  countries.  1 his  variety  of 
salt  rock  is  disposed  in  very  extensive  beds.  1 he 
mine  has  been  driven  m one  place  bOO  fathoms 
from  east  to  west,  and  !20()  from  north  to  south ^ 
and  salt  being  still  found,  the  utmost  extent  is  yet 
unknown.  The  nature  of  the  stratum  beneath  the 
szy bicker  salt  has  not  been  ascertained ; for  the 
miners,  being  apprehensive  of  increasing  the  quan- 
tity of  water,  have  never  proceeded  to  a greater 
depth.  The  greatest  depth  of  the  mines  is  T2G 

fathoms.  (See  Plate  I.  Fig.  1.) 

It  does  not  appear  that  the  remains  of  organized 
bodies  have  been  found  in  great  abundance  in  the 
strata  connected  with  the  salt  rocks  now  described. 
None  have  been  observed,  according  to  Mr  Town- 
son’s  information,  in  the  szybicker  salt,  or  the 
lower  strata;  but  some  have  been  seen  in  the 
marl  which  envelopes  the  blocks  of  green  salt, 
such  as  bivalve  shells  at  the  depth  of  3b  fathoms, 
crabs  claws  at  the  depth  of  40  fathoms,  and  char- 
red cord  mixed  with  salt  and  gypsum  at  the  great 
depth  of  100  fathoms. 

A great  deal  has  been  said  of  the  immense  ex- 
cavations in  these  mines;  some  of  them,  it  is  as- 
serted, are  so  extensive,  that  a house  of  many  stories 
high  might  be  built  within  them.  A chapel,  which 
is  still  shown  to  strangers,  is  formed  in  one  of  the 
blocks  of  green  salt.  Every  part  of  it,  its  altar, 
columns,  pillars,  arches,  statues,  and  other  orna- 
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nienls>  are  constructed  of  the  same  material.  In 
this  chapel  mass  was  formerly  celebrated  two  or 
three  times  a-week ; and  probably  from  this  cir- 
cumstance it  has  been  said  that  the  wTorkmen  em- 
ploy ed  in  the  mines,  to  the  amount  of  500,  live 
constantly  below  ground.  It  appears,  however, 
that  they  are  never  longer  in  the  mines  than  dur- 
ing their  hours  of  working.  Springs  both  of  salt 
and  fresh  water  are  found  in  the  mines.  To  keep 
the  mines  dry,  the  salt  water  is  drawn  up  in 
lea-hern  sacks,  and  is  thrown  away  ; the  small 
quantity  of  fresh  water  which  they  afford  is  re- 
served for  the  use  of  the  horses  which  are  em- 
ployed in  the  subterraneous  operations.  At  the 
time  Mr  Townson  visited  them,  24  horses  were 
constantly  kept  below  ground.  The  mines  of 
Wieliczka  yield  annually  about  6 or  7000  hund- 
red weight  of  salt  * ; but  according  to  Peschier, 
the  yearly  product  is  not  less  than  170,000  hund- 
red weight  f . 

Rock  salt  is  found  on  both  sides  of  the  chain 
of  the  Car  athian  mountains.  On  the  north  side 
of  this  chain  it  is  met  with  in  great  abundance 
first  at  Wieliczka,  and  then  at  Bocknia,  which  is 
5 leagues  to  the  south-east  of  Cracow.  At  this 
latter  place  the  salt  rock  reaches  the  same  depth 
as  at  the  former,  but  the  salt  is  inferior  in  purity. 


* Townson’s  Travels,  p.  386., 
f P»tnn,  v.  359, 
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The  salt  appears  on  the  same  side  of  the  chain  at 
Sambor,  Moldavia,  and  as  f ai  as  Okna  and  all  to- 
gether 58  different  places  where  salt  is  found 
have  been  enumerated.  On  the  south  side  of  the 
chain  the  salt  rock  begins  at  Eperies,  stretches 
eastward  through  the  county  of  Marmoruss  and 
Transylvania,  as  far  as  Cronstadt.  dins  whole 
extent  of  country,  which  includes  the  places  now 
mentioned,  is  very  rich  in  salt.  An  bundled  and 
fifty-nine  different  places  are  enumerated,  which 

afford  rock  salt  or  salt  springs. 

The  extent  of  salt  rock  now'  mentioned,  on  both 
sides  of  the  Carpathian  mountains,  is  supposed  by 
some  naturalists  to  be  a continuation  of  the  same 
strata  from  Wieliczka  on  the  north,  as  far  as  it 
stretches  through  Upper  Hungary  and  Iransylva- 
nia  on  the  south  side.  But  this  supposition,  accord- 
ing to  the  observation  of  Patrin,  is  not  very  probable, 
from  the  circumstance  of  beds  of  rock  salt  never 
having  been  found  in  primitive  rocks,  and  the 
strata  to  the  north  and  south  being  divided  by  the 
chain  of  the  Carpathian  mountains,  which  are 
primitive,  being  interposed. 

The  salt  mines  of  the  Tyrol  are  situated  on  the 
ridge  of  a high  mountain,  twro  leagues  from  Halle, 
on  the  banks  of  the  Inn,  and  to  the  north-east  of 
Inspruck.  The  salt  found  in  these  mines  is  in 
masses,  which  are  composed  of  a mixture  of  salt, 
with  a rock  of  an  argillaceous  nature,  and  con- 
taining portions  of  salt  in  all  its  beds.  In  one 
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part  of  the  mountain  there  is  a very  large  mass  of 
salt,  which  is  tree  from  any  mixture  of  stony 
matter.  A gallery  of  260  fathoms  in  length  leads 
to  this  mass  of  salt.  The  passage  to  this  gallery 
is  kept  constantly  locked,  that  no  part  of  it  may 
iemo\  ed,  and  the  workmen  are  even  prohibited 
from  carrying  off  the  smallest  quantity.  This  ap- 
parently singular  circumstance  is  thus  accounted 
ice.  As  the  salt  111  this  mine  is  in  general  very 
impure,  and  should  be  considered  rather  as  a 
simple  rock  impregnated  with  salt,  to  extract  the 
pure  salt  the  whole  is  dissolved  m wrater.  To 
effect  this,  the  entrance  to  the  subterraneous  ex- 
ca\  ations  is  shut  up  \ they  are  idled  with  water, 
which  is  allowed  to  remain  for  several  months  ; 
and  being  then  completely  saturated  with  salt 
from  the  surrounding  rock,  or  from  the  masses  of 
pure  salt  that  have  been  left,  this  water  is  let  off, 
and  salt  is  obtained  from  it  by  evaporation.  But 
the  pillars  or  m~:_cs  of  rock  wffich  are  left  to 
support  the  roof  of  the  excavations  are  thus  par- 
tially dissolved ; and  being  no  longer  able  to  resist 
the  superincumbent  pressure,  they  are  crushed, 
and  the  whole  extent  of  the  strata  to  the  surface 
of  the  soil  sinks ; but  at  the  end  of  some  years, 
when  the  rubbish  has  acquired  a proper  degree  of 
solidity,  and  a netv  deposition  of  salt,  which  is  often 
equally  abundant  as  the  first,  has  taken  place,  the 
operations  are  renewed  with  equal  success. 
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Patrin  has  thrown  out  a singular  conjecture  to 
account  for  the  changes  and  operations  now  men- 
tioned. He  supposes  ihat  the  large  mass  of  pure 
rock  salt,  which  is  so  carefully  left  untouched  in 
the  interior  of  the  mountain,  may  be  regarded  as 
a powerful  magnet,  which  attracts  from  the  atmos- 
phere the  constituent  principles  of  common  salt, 
and  in  this  way  promotes  its  formation  and  depo- 
sition *.  The  probability  of  this  conjecture  is  not 

very  obvious. 

Spain  affords  rock  salt  in  considerable  abun- 
dance. Bowles,  in  his  natural  history  of  that 
country,  has  described  three  ot  the  most  import- 
ant of  the  Spanish  salt  mines.  The  first  is  situated 
in  an  elevated  and  mountainous  region,  lying  be- 
tween the  kingdoms  of  Valencia  and  Castiile,  in 
a gypseous  territory  of  half  a league  in  circumfe- 
rence. Immediately  under  the  bed  of  gypsum, 
there  is  a solid  stratum  of  rock  salt,  which  runs 
parallel  to  the  stratum  which  covers  it. 

The  next  mine  is  in  Navarre  between  Caparosa 
and  the  Ebro,  and  is  situated  in  a chain  of  hills 
stretching  more  than  two  leagues  from  east  to  west. 
These  hills  are  composed  of  limestone  mixed  with 
gypsum.  The  mine  is  in  the  highest  part  of  the 
chain,  and  occupies  a space  of  about  400  paces 
long,  and  about  80  broad,  in  this  mine  the  beds 
of  salt  alternate  with  gypsum  and  earthy  matters, 


* 
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but  in  some  places  the  gypsum  is  wanting;  so  that 
the  strata  are  composed  only  of  earth  and  salt,  and 
it  is  observed  that  they  are  sometimes  disposed  in 
an  undulated  form. 

The  third  mine  is  that  of  Cardona  6r  Cordona 
in  V alencia,  which  is  a mountain  situated  about  1(5 
leagues  to  the  north-west  of  Barcelona,  and  some 
leagues  distant  from  the  Pyrenees.  This  mountain 
is  entirely  composed  of  rock  salt ; it  is  about  3 miles 
in  circumference,  and  about  500  feet  high.  No 
cracks,  or  fissures,  or  beds,  are  observed  in  it ; 
and  what  is  very  singular,  no  gypsum,  which  is 
one  of  the  most  common  minerals  accompanying 
rock  salt,  is  found  near  it.  This  huge  mass  of 
salt  has  nearly  the  same  elevation  as  the  neigh- 
bouring mountains.  As  the  depth  has  not  been 
ascertained,  the  nature  ot  the  rocks  on  wThich  it 
reposes  are  unknown.  The  salt  rock  obtained 
irom  this  mountain  is  in  general  w'hite,  some  of 
it  is  reddish,  and  seme  of  a bluish  colour ; and 
we  are  informed  that  it  is  empioyed  in  Spain  to 
make  snuff-boxes,  vases,  and  various  trinkets,  like 
the  Derbyshire  spar. 

The  salt  mines  of  Cheshire  in  England  have 
been  long  celebrated.  The  salt  springs  of  this 
county,  as  well  as  those  of  Droitwich  in  Stafford- 
shire, w7ere  known  to  the  Romans,  who  gave  them 
the  name  of  Salinae ; and  indeed,  according  to  the 
tradition  of  the  inhabitants,  it  is  said,  that  not  only 
the  brine  pits,  but  also  the  rock  itself,  was  wrought 
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by  that  people.  If  this  were  the  case,  the  know- 
ledge of  the  existence  of  rock  salt  in  this  country 
must  have  been  long  lost;  for  it  was  only  in  the 
year  1670  that  the  discovery  of  that  mineral  was 
again  made  in  the  neighbourhood  of  Northwich. 
Rock  salt  has  been  discovered  and  dug  out  in 
other  places  in  the  same  neighbourhood,  but  in 

no  other  part  of  the  kingdom. 

The  rock  salt  of  Cheshire  is  found  at  the  depth 
of  from  100  to  140  feet  below  the  surface  of  the 
earth.  The  first  stratum  of  salt  is  from  40  to  60 
feet  thick,  is  quite  solid,  and  can  only  be  broken 
by  means  of  iron  picks  and  wedges.  Sometimes  the 
rock  is  blasted  with  gunpowder ; by  which  means 
masses  of  many  tons  weight  are  detached.  It 
has  somewhat  the  appearance  of  brown  sugar- 
candy.  Beneath  the  fifst  stratum  of  rock  salt 
there  is  a bed  of  hard  stone,  composed  of  large 
veins  of  flag,  mixed  with  some  rock  salt.  The 
thickness  of  this  stone  is  from  100  to  ISO  feet. 
The  next  stratum  going  downwards  is  salt,  some 
parts  of  which  are  perfectly  white  and  transparent; 
others  are  of  a brownish  colour,  but  the  whole  is 
purer  than  the  upper  stratum.  The  thickness  is 
from  15  to  20  feet.  Above  the  rock  salt  there  is 
a bed  of  whitish  clay.  Gypsum  also  is  found  in 
some  places  covering  the  strata  of  salt. 

The  rock  salt  pits  are  immense  excavations, 
some  of  which  are  not  less  than  3^0  feet  in  dia- 
meter ; and  in  digging  out  the  sjilt,  massy  pillars 
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are  formed  out  of  the  rock,  for  the  purpose  of 
supporting  the  roof,  which  is  also  of  the  same 
material,  a thickness  of  about  20  feet  of  the 
salt  being  left  for  that  purpose.  Fresh  air  is  con- 

_Veycd  t0  the  mines  by  means  of  tubes  and  bel- 
lows. The  mines  are  generally  dry,  even  at  the 
greatest  depth,  but  so;  etimes  brine  springs  burst 
into  them,  so  that  the  pillai s_  which  support  the 
roof,  and  the  whole  works,  are  destroyed.  It  is 
said  that  the  pits  in  die  neighbourhood  of  North- 
wicii  yield  annually  from  50,000  to  6'0,000  tons 
of  rock  salt,  part  of  which  is  refined  and  purified 

m England,  and  part  is  exported  to  different  coun- 
iries  of  the  world. 

Rock  salt  is  very  abundant  in  Peru ; and  k is 
singular  that  it  appears  in  that  country  in  regions 
equally  elevated  as  those  which  contain  the  mines 
of  silver  and  mercury.  This  is  a remarkable  pe- 
culiaiity,  as  rock  salt  is  usually  distributed  in  low 
situations. 


15.  Chalk. 

Chalk  is  usually  disposed  in  thick  beds,  which 
lie  nearly  m a horizontal  position,  and  alternate 
with  thin  layers  o f flint.  Sometimes  flint  nodules 
are  irregularly  dispersed  through  the  beds  of  chalk; 
but  the  masses  of  the  flint  are  also  often  disposed 
in  pretty  regular  discontinuous  strata. 
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Metallic  ores  are  rarely  met  with  in  chalk ; 
martial  pyrites  and  iron  ochre  are  the  only  metal- 
lic substances  which  it  affords.  The  remains  of 
organised  marine  bodies,  however,  such  as  echi- 
nites,  glossopetrae,  pectinites,  &c.  are  found  in 
abundance.  The  bones  of  amphibious  animals, 
such -as  the  heads  and  vertebrae  of  crocodiles,  and 
some  of  the  hard  parts  of  land  animals,  such  as 
the  teeth  of  elephants,  are  sometimes  also  met 
with  deposited  in  chalk. 

The  elevation  of  chalk  hills  is  never  very  con- 
siderable ; it  rarely  exceeds  3 or  400  feet.  Chalk 
hills  are  particularly  distinguished  by  a smooth 
regular  outline,  and  a peculiar  tendency  to  form 
cup-shaped  concavities.  In  England,  the  ridges 
of  chalk  are  always  bordered  by  parallel  ranges 
of  sand  or  sandstone.  Beds  of  fuller’s  earth  are 
observed  to  alternate  with  the  latter.  Chalk  hills 
are  also  peculiarly  characterised  on  account  of 
their  remarkable  dryness  and  rich  verdure. 

Chalk,  when  compared  with  other  rocks,  does 
not  appear  to  exist  in  great  proportion,  but  in 
some  parts  of  the  world  it  is  very  abundant.  I11 
the  southern  and  eastern  parts  of  England,  chalk 
is  the  prevailing  rock  ; and  it  has  been  observed 
that  the  chalk  hills  in  England  occupy  a greater 
extent  than  in  any  other  country.  Their  direction 
is  nearly  from  east  to  west,  and  run  parallel  to 
each  other  ; they  are  separated  by  ranges  of  sand- 
stone and  low  tracts  of  gravel  and  clay.  The 
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most  northern  and  loftiest  range  of  chalk  begins 
at  Flamborough-head  in  Y ^rkshire,  and  runs  in  a 
westerly  direction  a distance  of  20  miles.  Near 
Grantham  in  Lincolnshire,  some  fragments  of  a 
ridge  of  chalk  hills  appear.  The  midland  coun- 
ties are  traversed  bv  two  ridges,  which,  proceed- 
ing westward,  approach  nearly  to  the  borders  of 
Oxfordshire.  In  that  part  of  England  south  of 
the  Thames,  there  are  also  two  ridges  of  chalk 
hills  ; the  one  commences  at  the  north  and  south 
Foreland,  and  passes  through  the  north  of  Kent,  the 
middle  of  Surrey,  and  the  north  of  Hampshire ; 
the  other  ridge  commences  near  Hastings,  and  at 
the  lofty  promontory  of  Beachy  Head,  and  passes 
through  Sussex,  and  the  south  of  Hampshire,  into 

Dorsetshire  *.  \ 

In  the  northern  part  of  France,  opposite  to  the 
English  coast,  chalk  is  also  very  abundant.  It  is 
also  met  with  in  Poland  ; and  some  of  the  Danish 
islands  in  the  Baltic  are  chiefly  composed  of  the 
same  rock. 


• Aiken,  Diet,  of  Chem.  & Min.  I.  p.  283. 
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4 

OF  WHIN  DYKES, 

It  has  been  already  observed,  that  the  materials 
which  compose  the  surface  of  the  earth  are  dis- 
posed in  strata  which  are  horizontal,  or  nearly  so, 
or  in  vertical  strata.  By  vertical  strata  are  here 
to  be  understood  such  as  traverse  the  horizontal 
strata  in  some  direction  different  from  the  line  of 
bearing ; and  in  this  view  metallic  veins  might 
also  be  included.  But  although  the  analogy  be- 
tween metallic  veins  and  vertical  strata  com- 
posed of  stony  materials,  is  in  many  points  ex- 
tremely obvious,  and  geologists  have  considered 
them  as  formed  by  the  operation  of  similar  causes, 
I propose,  in  the  present  section,  to  limit  my  ob- 
servations to  the  latter.  The  general  history  of 
metallic  veins  wall  be  treated  of  in  the  following 
section. 

Names . — Vertical  strata  composed  of  stony  mat- 
ters have  received  different  denominations,  which 
appear  in  some  measure  descriptive  of  the  nature 
of  the  substances  of  which  they  are  formed,  or  of 
the  seeming  effects  which  they  have  produced  on 
VoL.  IL  Q 
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the  intersected  horizontal  strata.  Thus,  they  are 
termed  basaltic  'veins,  trap  dykes,  whin  dykes  ; and 
in  the  coal  countries  of  Scotland,  they  are  called 
gaws,  from  the  idea  that  they  have  occasioned  the 
separation  of  the  coal  and  contiguous  strata  through 
which  they  run. 

The  history  of  these  dykes  has  been  more  care- 
fully traced  in  coal  countries  than  when  they  oc- 
cur elsewhere ; because  on  the  accurate  know- 
ledge of  their  course,  inclination,  and  thickness, 
depend,  in  a great  measure,  the  judicious  and  suc- 
cessful operations  of  the  miner,  when  his  w orkings 
approach  the  dyke,  or  require  it  to  be  perforated, 
to  regain  the  strata  of  coal  on  the  other  side.  They 
have,  however,  been  also  observed  and  traced  in 
other  places,  where  a great  extent  of  the  horizon- 
tal strata  has  been  exposed  in  the  beds  of  rivers ; 
as  in  the  bed  of  the  Water  of  Leith  above  St  Ber- 
nard’s Well,  and  on  the  sea  shore,  especially  on 
the  western  coast  of  Scotland,  w7here  the  rocks  are 
very  abrupt  and  precipitous,  and  where  the  vio- 
lence of  the  Atlantic  Ocean  has  worn  down  the 
horizontal  strata,  and  left  the  vertical  strata  re- 
maining in  many  places  like  immense  w7alls  or 
dykes.  Hence  probably  the  origin  of  the  name  ; 
and  as  they  often  consist  of  that  species  of  stone 
called  whinrtone,  this  epithet  has  been  added. 

Course . — When  I first  directed  my  attention  to 
the  history  of  whin  dykes,  I concluded  that  they 
had  all  nearly  the  same  course : but  this  opinion* 
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it  soon  appeared,  was  founded  on  partial  observa- 
tion ; for  I have  since  observed  them  running  in 
almost  every  direction.  Of  the  greater  number, 
however,  which  I have  had  an  opportunity  of  ex- 
amining, the  course  generally  lies  between  the 
points  of  the  compass  south  and  south-east,  and 
north  and  north-west.  This  is  most  frequently 
the  course  of  the  whin  dykes  of  Islay  and  Jura; 
it  is  the  course  of  a remarkable  one  w7hich  tra- 

•i 

verses  the  coal  strata  at  the  village  of  Stevenston, 
near  Saltcoats  in  Ayrshire,  part  of  which  is  seen 
on  the  surface,  not  many  hundred  yards  to  the 
north  of  the  west  end  of  that  village  ; and  it  is 
the  course  of  two  dykes  which  are  still  more  re- 
markable in  the  island  of  Great  Cumbray  in  the 
frith  ol  Clyde.  These  latter  rise  above  the  sur- 
face like  huge  walls,  and  are  distinctly  seen  from 
the  opposite  coast  of  the  main  land  near  Largs. 

It  will  perhaps  appear  that  the  most  frequent 
direction  of  dykes  of  considerable  magnitude  is 
north  and  south,  or  a few  points  deviation  from 
that  course;  and  if  this  point  be  established  by  a 
fuller  and  more  accurate  history  of  dykes,  the 
analogy  between  them  and  metallic  veins  will  be 
more  complete.  For  it  is  observed  of  the  latter, 
that  the  most  powerful,  that  is,  the  most  produc- 
tive, run  from  north  to  south.  Dykes  do  not  al- 
ways proceed  in  a straight  line,  but  form  in  their 
course  certain  flexuosities.  In  this  winding  course, 
however,  the  deviations  are  usually  so  small,  as 
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to  have  little  effect  on  the  general  direction  of  the 
dyke,  which  upon  the  whole  may  be  considered 
as  nearly  the  same.  A very  remarkable  dyke  has 
been  discovered  in  the  coal  field  in  the  district  of 
Boulogne  in  France.  This  dyke  runs  in  the  form 
of  a crescent  from  north  to  west  *. 

The  continuity  of  dykes  is  sometimes  inter- 
rupted, exactly  in  the  same  manner  as  frequently 
happens  to  the  horizontal  strata,  and  which  in 
technical  language  is  termed  a slip,  and  sometimes 
a shift.  Slips  of  this  kind  are  not  unfrequent  in 
coal  countries  ; the  extent  of  the  slip  is  sometimes 
only  a few  inches,  sometimes  it  reaches  to  many 
feet,  and  sometimes  even  to  a number  of  fathoms* 
In  all  other  respects  the  separated  strata  continue 
the  same,  having  the  same  thickness,  and  the 
same  inclination  to  the  horizon.  In  the  island  of 
Islay  I observed  two  dykes  of  this  description,  the 
one  on  the  south  side  of  Lochindaal,  near  the 
point  of  Laggan ; the  other  on  the  shore  of  the 
south-east  part  of  the  island,  a little  to  the  south 
of  the  house  of  Ardmore.  In  both  these  dykes 
the  extent  of  the  separation  or  slip  is  just  equal 
to  the  thickness  of  the  dyke ; the  opposite  sides- 
are  brought  exactly  into  the  same  line  ; and  after 
this  separation,  both  dykes,  so  far  as  I could 
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trace  them,  preserve  the  same  thickness,  course 
and  inclination  as  formerly.  See  Fig.  2. 

Inclination. — The  direction  of  dykes  downwards 
as  seldom  perpendicular ; and  this,  deviation  from 
a line  perpendicular  to  the  horizon  is  called  their 
inclination.  Miners  employ  a different  term  to  ex- 
press the  same  thing.  By  them  the  inclination  of 
a dyke  or  vein  is  called  its  hade  or  hading . If  a 
dyke  or  vein  run  north  and  south,  it  is  then  said 
to  have  a north  or  south  course  or  direction  ; but 
in  its  descent  downwards,  if  it  incline  to  the  east- 
ward, the  inclination,  hade  or  hading , is  said  to  be 
easterly.  The  inclination  of  different  dykes,  and 
even  of  the  same  dyke,  is  various,  sometimes  ap- 
proaching to  the  perpendicular,  and  sometimes 
deviating  from  that  line. 

The  extent  of  dykes  dowmwards  seems  not  to 
have  been  ascertained  with  any  degree  of  accu- 
racy, and  I believe  the  termination  of  very  few 
has  yet  been  discovered.  The  depth  to  which  re- 
searches of  this  kind  can  be  carried,  is  compara- 
tively small,  and  with  all  the  ingenuity  and  power 
of  man,  investigations  to  determine  this  point  will 
probably  always  be  limited  by  the  extent  of  his 
mining  operations.  The  crescent  formed  dvke 
mentioned  above,  which  traverses  the  coal  field  in 
the  district  of  Boulogne  in  France,  and  which 

consists  of  a species  of  marble,  found  in  several 
• • 

quarries  m the  vicinity,  has  been  traced  to  the 
perpendicular  depth  of  600  feet.  At  that  depth 
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it  is  succeeded  by  a rock  of  schistus,  which,  re- 
taining the  same  course  and  inclination,  continues 
to  intersect  the  horizontal  strata. 

Extent. — The  extent  of  dykes  in  length  has  not 
been  accurately  determined.  Indeed  it  must  be 
extremely  difficult  to  follow  their  course  with  any 
degree  of  certainty  ; for  those  which  are  observed 
on  the  sea-coast,  where  they  are  most  conspicu- 
ous, soon  disappear  in  the  mountains  on  the  one 
hand,  or  on  the  other  are  lost  in  the  sea ; and  as 
the  extent  of  the  same  coal  field  rarely  exceeds  a 
few  miles,  dykes  have  seldom  been  traced  beyond 
its  limits : and  in  many  cases  the  change  in  the 
nature  and  arrangement  of  the  strata  renders  such 
an  investigation  almost  impossible.  Some  dykes, 
however,  have  been  traced  to  a very  great  extent. 
One  in  particular,  on  the  banks  of  the  river  Meuse 
in  the  Netherlands,  has  been  followed  in  its  di- 
rect course  to  the  distance  of  4 leagues ; and  of 
this  dyke  it  is  observed,  if  pursued  through  all  its 
windings,  the  extent  cannot  be  less  than  6 leagues*. 

Thickness. — The  thickness  of  dykes  is  various. 
Sometimes  they  are  observed  no  thicker  than  a 
few  inches ; from  that  they  increase  to  1 foot,  6 
feet,  and  very  often  are  found  from  10  to  20  feet. 
There  is  a dyke  in  the  island  of  Islay,  of  the  enor- 
mous thickness  of  69  feet.  This  immense  dyke, 
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accompanies  a lead  vein  about  a foot  thick,  which 
is  included  between  it  and  the  limestone  strata. 
In  this  mining  held  two  whin  dykes,  one  of  them 
10  feet  thick,  have  been  discovered  crossing  the 
metallic  veins.  Dykes  composed  of  a stone  to 
which  the  name  of  quarry  stone,  from  its  use  in 
building,  has  been  given,  run  in  various  direc- 
tions through  the  mining  held  of  Leadhills.  They 
are  from  10  to  24  feet  in  thickness,  are  observed 
to  be  nearly  perpendicular,  and  are  traversed  by 
the  metallic  veins,  which  is  contrary  to  what  takes 
place  in  the  whin  dykes  in  Islay,  mentioned  above. 
At  the  place  where  the  metallic  veins  cross  the 
dyke,  the  latter  exhibits  the  appearance  of  a con- 
fused mass,  but  at  some  distance  from  the  metallic 
vein  it  recovers  its  form  and  arrangement. 

In  going  downwards,  dykes  are  said  to  decrease 
in  thickness,  which  is  particularly  observed  of 
dykes  of  smaller  magnitude ; and  of  those  of  the 
latter  description,  it  is  also  said  that  they  diminish 
in  thickness  towards  the  extremities  *.  But  among 
the  numerous  dykes  which  I have  examined  in 
this  country,  I have  had  no  opportunity  of  verify- 
ing the  fact  of  the  diminution  of  the  thickness  of 
dykes,  either  in  going  downwards,  or  in  their  lon- 
gitudinal extent. 


# Jour,  des  Mines,  ibid.  p.  85. 
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In  one  respect,  some  whin  dykes  which  I have 
observed  are  exactly  analogous  to  metallic  veins, 
in  having  branches,  or,  in  the  language  of  the 
miner,  strings  going  off,  and  traversing  the  con- 
tiguous strata,  and  forming  in  their  course  an 
acute  angle  writh  the  principal  dyke.  1 observed 
a whin  dyke  of  this  description  in  the  island  of 
Jura,  on  the  shore  of  the  Sound.  The  diverging 
branch  terminated  in  a point  among  the  horizontal 
strata,  at  the  distance  of  a few  feet  from  the  great 
dyke,  assuming  altogether  a wedge-like  form.  In 
a dyke  which  traverses  the  strata  in  the  bed  of  the 
Water  of  Leith,  a little  above  St  Bernard’s  Well, 
a string  or  branch  passes  off  nearly  at  right  angles, 
proceeds  to  a little  distance  from  the  dyke,  and 
then  forms  another  right  angle  ; after  which  it 
makes  another  turn,  forming  a similar  angle,  and 
proceeding  towards  the  dyke  parallel  to  that  part 
of  the  branch  which  first  goes  off. 

Materials  of  dykes. — If  metallic  veins  be  included 
in  the  account,  vertical  strata  or  dykes  may  be 
said  to  be  composed  of  every  kind  of  mineral 
substance,  but  almost  always  different  from  the  in- 
tersected horizontal  strata.  It  is  indeed  by  this 
last  circumstance  that  their  occurrence  is  at  once 
recognised.  In  general,  the  dykes  that  are  met 
wdth  in  Scotland,  whether  in  coal  countries,  or  on 
the  western  coasts  and  islands  where  they  are  so. 
frequent,  are  of  that  species  of  stone  which  comes 
under  the  denomination  of  trap  or  whinstone. 
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Dykes  consisting  of  other  species  of  stone  have 
also  been  found. in  Scotland. 

On  the  Mull  of  Kinnouth,  which  forms  the 
southern  headland  at  the  entrance  of  Lochindaal 
in  Islay,  I observed  a small  dyke  of  granite  crossing 
the  headland,  which  is  composed  chiefly  of  gra- 
nular quartz.  Vertical  strata  or  dykes  of  granite 
have  been  observed  in  the  island  of  Icolmkill,  and 
in  other  places  in  the  west  of  Scotland,  and  of 
pitch  stone  in  the  island  of  Arran. 

Bergman,  in  his  Physical  Geography,  supposes 
that  granite  never  forms  a component  part  of  ver- 
tical strata.  What  has  been  already  mentioned 
proves  the  contrary ; and  besides,  granite  dykes 
have  also  been  discovered  in  other  places.  Dykes 
of  this  description  were  observed  by  Besson,  on 
the  great  road  between  Limoges  and  Cahors  in 
France,  traversing  horizontal  strata  of  argillaceous 
schistus.  These  dykes,  he  observes,  are  from  an 
inch  to  6 feet  in  thickness,  and  the  quartz,  feld- 
spar, and  mica,  are  of  larger  size  than  are  usually 
found  in  the  granite  of  mountains  *.  Dolomieu 
makes  a similar  observation,  and  considers  it  as  a 
discriminative  character  by  which  the  granite  of 
mountains,  and  that  found  in  vertical  strata,  may 
be  easily  known ; but  it  does  not  appear  that  this 
can  always  be  admitted  as  a characteristic  mark 


* Jour,  dcs  Mines,  No.  6.  p.  22 » 


218 


GEOLOGY. 


of  distinction.  The  granite  dyke  noticed  above, 
which  traverses  the  granular  quartz  on  the  Mull 
of  Kinnouth,  in  Islay,  is  small  grained.;  and  dykes 
of  a similar  description  have  been  observed  in 
other  places. 

A few  years  ago,  when  travelling  on  the  coast 
of  Ayrshire,  between  Wemyss  bay  and  Largs,  I 
discovered  on  the  shore,  near  the  house  of  Kelly, 
a very  singular  dyke.  It  is  about  ten  feet  thick, 
traverses  the  horizontal  strata,  which  consist  of 
pudding  rock  or  breccia,  whose  cement  is  a red 
coloured  sandstone,  from  north-east  to  south-west, 
and  crosses  a larger  dyke  of  the  whinstone  of  this 
country,  nearly  at  right  angles.  This  dyke  is 
composed  of  very  different  materials,  part  con- 
sisting of  common  whinstone,  and  part  of  a brec- 
cia cemented  by  the  matter  of  the  dyke ; and 
these  alternate  with  each  other,  both  in  the  thick- 
ness of  the  dyke  and  lengthwise.  On  one  side 
there  are  4 feet  thick  of  whinstone  ; immediately 
in  contact  with  this  there  is  breccia  3 feet  thick ; 
and  so  on  alternately  across  the  whole  dyke.  In 
tracing  the  dyke  lengthwise  in  the  same  line, 
there  is  found  a few  yards  of  whinstone,  which  is 
succeeded  by  a few  yards  of  breccia,  which  latter 
in  its  turn  is  replaced  by  the  whinstone. 

Structure  of  whin  dykes. — One  of  the  most  sin- 
gular circumstances  respecting  whin  dykes  still 
remains  to  be  considered.  This  is  the  peculiar 
structure,  or  arrangement  of  the  parts  of  which 
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they  are  composed ; and  it  seems  to  have  been  little 
noticed  by  geological  writers.  Of  this  peculiarity 
of  structure  or  arrangement,  it  may  be  generally 
observed,  that  it  is  in  all  respects  the  reverse  of 
what  takes  place  in  the  horizontal  strata.  When 
the  dyke  is  of  small  magnitude,  it  is  pretty  com- 
pact in  all  its  parts  ; but  if  an  attempt  be  made 
to  break  or  separate  any  part  of  it,  the  fracture 
will  be  found  to  run  most  readily  in  the  perpen- 
dicular direction.  But  when  the  thickness  of  the 
dyke  is  more  considerable,  it  usually  forms  several 
divisions,  distinctly  marked  by  perpendicular  fis- 
sures ; and  there  is  often  great  variety  in  the  na- 
ture and  qualities  of  the  several  divisions  of  the 
same  dyke.  The  exterior  division  of  one  side 
sometimes,  and  sometimes  the  exterior  division  of 
both  sides,  are  of  a softer  texture  than  the  inter- 
mediate division,  and  often  contain  in  great  pro- 
portion specks  of  radiated  zeolite  and  calcareous 
spar ; while  the  middle  divisions  are  not  only 
harder,  but  also  more  homogeneous.  In  other 
cases  the  reverse  of  this  appears  ; the  middle  parts 
of  the  dyke  are  the  softest  and  the  least  compact, 
and  exhibit  the  greatest  variety  of  heterogeneous 
substances. 

Some  whin  dykes  have  a great  tendency  to  as- 
sume, when  broken,  the  prismatic  form,  which  is 
the  case  with  many,  even  of  the  most  compact 
texture.  In  others,  where  the  side  of  the  dyke  is 
exposed  to  view,  and  minutely  examined,  fissures 
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may  be  traced,  discovering  the  ends  of  pretty  re- 
gular prisms ; and  in  some  dykes  which  I ob- 
served in  the  island  of  Jura,  the  prismatic  columns 
are  entirely  separated,  and  lying  loose  : They  are 
four,  five,  and  six  sided,  and  are  jointed,  the  per- 
pendicular fissures  forming  the  joints  ? and  except- 
ing that  they  lie  in  the  horizontal  position,  are 
in  all  respects  similar  to  perpendicular  basaltic 
columns.  In  one  of  the  dykes  which  l examined 
in  the  island  of  Jura,  the  columns  are  from  12 
to  18  inches  in  diameter.  In  some  others,  as  on 
the  sea-shore,  near  the  house  of  Mr  Campbell  of 
Jura,  and  at  the  harbour  of  the  small  isles  in  the 
same  island,  the  columns  are  of  the  enormous  size 
of  10  and  12  feet  in  diameter. 

A dyke  which  traverses  the  basaltic  strata  of 
the  Giant’s  Causeway  in  the  north  of  Ireland,  ex- 
hibits in  a still  more  remarkable  manner  this  pe- 

• 

culiarity  of  structure.  The  smallest  masses  de- 
tached from  it  assume  the  columnar  form,  and 
most  of  them  are  perfectly  regular.  The  divisions 
invariably  run  in  the  horizontal  direction  ; the  co- 
lumns consequently  lie  in  the  same  position,  are 
3,  4,  5,  and  6 sided,  and  are  generally  of  small 
size.  Some  specimens  of  this  description  now  in 
my  possession,  and  which  J collected  at  that  dyke, 
do  not  exceed  one  inch  in  diameter. 

Coal  strata  intersected  by  a dyke . — The  author 
of  the  preceding  work  has  given  a pretty  full  de- 
tail of  the  effects  produced  by  dykes  traversing 
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coal  strata.  In  this  place,  therefore,  I shall  only 
briefly  mention  the  relative  position  of  the  strata 
of  a coal  field  which  are  intersected  by  a dyke. 
This  will  render  the  history  of  whin  dykes  more 
complete. 

Although  the  strata  on  one  side  of  a dyke  be 
perfectly  fair  and  regular,  if  the  workings  be  con- 
tinued through  the  dyke,  the  same  strata  will  not 
be  found  on  the  same  plane  on  the  other  side. 
The  whole  range  of  the  strata  is  in  many  cases 
either  elevated  or  depressed ; and  it  is  here  that 
the  skill  and  caution  of  the  miner  must  be  em- 
ployed in  discovering  the  coal  which  has  disap- 
peared. In  the  successful  prosecution  of  this  dis- 
covery, it  becomes  of  the  utmost  importance  to 
Know,  whether,  in  the  dislocation  which  has  takeri 
place,  the  strata  on  the  other  side  have  been  ele- 
vated or  depressed.  Now  there  is  a general  rule 
founded  on  experience  and  observation,  by  which 
this  point  may  be  determined.  When  a dyke  is 
met  with  in  the  progress  of  working  a coal  mine, 
it  it  shall  appear  that  the  angle  formed  by  the 
dyke  with  the  plane  of  the  stratum  of  coal  is  an 
acute  angle,  then  the  strata  on  the  other  side  of 
the  dyke  will  be  found  depressed;  but  if,  on  the 
conti  aiy,  the  same  angle  be  obtuse,  the  strata  on 
the  other  side  will  be  found  elevated.  The  di- 
stance ot  elevation  or  depression  is  usually  in  pro- 
portion to  the  thickness  and  inclination  of  the 
dyke.  In  small  dykes,  the  height  of  the  eleva- 
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lion  or  depression  reaches  only  to  a few  fathoms, 
or,  in  some  cases,  to  a few  feet;  but  where  the 
dyke  is  of  great  thickness,  the  same  height  is  far 
more  considerable,  exceeding  twenty,  forty,  and 
even  sixty  fathoms. 

In  most  cases,  where  a dyke  traversing  the 
strata  of  coal  has  produced  a dislocation,  the 

whole  of  the  strata  which  accompany  the  coal 

<> 

are  also  elevated  or  depressed ; and  when  they 
are  discovered  on  the  other  side  of  the  dyke, 
whether  they  have  suffered  elevation  or  depres- 
sion, they  are  generally  found  to  have  the  same 
inclination  to  the  horizon,  the  same  relative  posi- 
tion to  each  other,  the  same  thickness,  and  the 

‘ i 

same  qualities  as  before.  See  Fig.  3. 

But  it  does  not  invariably  happen  in  all  cases 
that  a dyke  traversing  the  horizontal  strata  pro- 
duces a dislocation.  Sometimes,  but  I believe 
more  rarely  than  otherwise,  the  strata  on  both 
sides  of  a dyke  continue  fair  and  regular  in  the 
same  plane,  and  discover  no  perceptible  appear- 
ance of  being  either  elevated  or  depressed. 
Whether  those  whin  dykes,  which  are  accom- 
panied by  a derangement  of  their  strata,  are  dis- 
tinguished by  any  peculiarity  of  character  from 
those  which  seem  to  have  produced  no  disloca- 
tion, or  in  what  circumstances  the  former  differ 
from  the  latter,  I have  not  been  able  to  learn.  It 
might,  however,  be  a curious  subject  of  inquiry 
to  geologists  ; and  as  such  I would  recommend  it 
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to  those  to  whom  opportunities  of  examining  this 
point  may  occur. 

In  this  sketch  of  the  history  of  whin  dykes  tra~ 
versing  coal  strata,  a fact  respecting  the  coal  at 
the  place  of  junction  is  too  remarkable  to  pass 
unnoticed.  In  most,  or  rather,  I suspect,  in  all 
cases  where  a whin  dyke  traverses  the  strata,  the 
coal,  as  it  approaches  the  dyke,  is  not  only  broken 
down,  compressed  in  its  bed,  and  mixed  with  small 
pieces  of  the  contiguous  strata,  but  it  is  totally 
changed  in  its  qualities.  It  is  entirely  deprived 
of  the  bituminous  part  of  its  composition,  and  is 
therefore  altogether  unfit  for  the  purposes  of  fuel. 
In  the  technical  language  of  the  miner  it  is  usual- 
ly called  foul  coal,  and  in  some  parts  of  Scotland 
humph  coal.  The  coal  usually  continues  in  this 
state  to  some  distance  from  the  dyke  on  each 
side.  This  distance,  it  is  said,  is  in  proportion  to 
the  thickness  or  the  dyke ; where  the  dyke  is 
small,  the  extent  of  foul  coal  on  each  side  is  trif- 

Illlg ; but  in  Powerful  dykes,  that  is,  dykes  of 
great  thickness,  the  extent  of  the  foul  coal  is  verv 
considerable.  According  to  the  information  which 
I have  received  from  some  miners,  the  extent  of 
ns  Joul  coal  on  each  side  of  the  dyke  is  found  to 
be  nearly  equal  to  one-half  of  its  thickness;  so  that, 

, 'IS.  e true>  the  wh«le  extent  of  foul  coal,  on 
,,°  ,S'  CS  a ctyke>  is  equal  to  the  thickness  of 
-w  dyke:  but  how  far  this  is  to  be  considered  as 
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a general  fact,  I have  hitherto  had  no  opportunity 
of  ascertaining. 

Vertical  strata  or  dykes  of  Sandstone  are 
sometimes  met  with  traversing  coal  strata ; and 
in  one  instance  of  this  kind,  which  I had  an 
opportunity  of  examining,  a very  considerable 
dislocation  of  the  strata  has  been  produced,  but 
no  change  has  taken  place  in  the  nature  and 
qualities  of  the  coal  on  one  side  of  the  dyke* 
On  the  contrary,  the  coal  on  that  side  conti- 
nues as  pure  and  clean  where  it  comes  in  imme- 
diate contact  with  the  dyke,  as  in  any  other  part 
of  the  field.  The  instance  now  alluded  to  is  near 
Edgefield,  in  the  Loanhead  coal  field,  about  six 
miles  south  of  Edinburgh.  A dyke  composed  of 
sandstone,  black  blaes,  and  iron  stone,  or  nearly 
of  the  same  materials  as  the  strata  which  accom- 
pany the  coal,  traverses  that  coal  field  from  north 
to  south,  and  throws  the  coal  no  less  than  60 
fathoms  out  of  its  former  line  of  bearing.  The 
extent  of  the  foul  coal  on  the  west  side  of  this 
dyke  is  from  10  to  20  yards  in  some  of  the 
seams ; but  on  the  east  side  of  the  same  dyke,  the 
coal  is  found  clean  and  fair.  Similar  instances  of 
the  same  thing,  I have  been  assured,  are  met  with 

in  the  same  field.  . 

Beside  tbe  materials  now  mentioned,  as  consti- 

luting  vertical  strata,  rock  salt  and  coal  have  also 
been  met  with,  traversing  the  horizontal  strata, 
and  forming  dykes.  Thus,  it  appears  that  small 
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veins  oi  rock  salt  are  by  no  means  of  unfrequent 
occurrence  in  the  salt  mines  at  Aehlen.  in  the 
.canton  of  Berne,  in  Switzerland*. 

Veins  01  vertical  strata  of  coal  are  of  more  rare 
occurrence.  Two  examples  of  veins  of  this  kind 
£aye  been  recorded.  A vein  of  coal  was  observed 
by  Werner  at  Wehrau,  in  Upper  Lusatia.  He 
mentions  it  as  a remarkable  occurrence  * and  in- 
deed it  appears  to  be  the  only  instance  of  the  kind 
which  he  had  met  with.  This  vein  of  coal  is  si- 
tuated in  a sandstone  rock,  is  about  IS  inches 
thick,  and  is  nearly  in  a vertical  position.  The 
vein  contains  several  inches  of  pure  coal,  but  the 
rest  is  mixed  with  sand.  The  same  rock  includes 
several  other  smaller  veins  of  coal,  which  traverse 

it  m different  directions,  and  do  not  exceed  an 
inch  in  thickness  f. 

But  the  author  of  the  preceding  work  has  given 
a more  particular  description  of  veins  or  vertical 
strata  or  coal.  . This  is  the  other  instance  above 
alluded  to,  wdiich  our  author  very  correctly  de- 
nominates a great  curiosity,  and  an  extraordinary 
appearance,  quite  out  of  common  experience.  He 
observed  those  veins  of  coal  at  Castle  Leod  in  the 
Highlands  of  Scotland  j and  informs  us,  that  they 

• * ' 1 • -<»  , t 

M.  DWpT  * Tfce°ry  °f  Vein8>  translated  by  C.  Anderson, 

t Ib'd’  & CharP«ticr,  Mineral.  Geog.  of  Saxony,  p.  - 
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have  every  character  and  descriptive  mark  common 
to  good  rake  veins,  and  that  the  coal  is  lodged  in  the 
cavities  in  the  same  manner  as  metallic  ores  exist 
in  veins.  In  some  places  the  veins  were  not  above 
an  inch  in  thickness ; but  from  one  place  he  dug 
out  coal,  which  was  clean  and  pure,  and  about  a 
foot  thick 


SECT.  Ill, 

i 

OF  METALLIC  VEINS. 

Xn  many  points  of  view  there  is  a very  obvious 
analogy  between  whin  dykes  and  other  "vertical 
strata,  described  in  the  preceding  section,  and  me- 
tallic veins ; and  this  analogy  has  led  many  authors 
to  treat  of  both  under  the  general  denomination  of 
mineral  veins.  But  beside  the  diversity  in  the 
mature  of  the  materials,  with  which  metallic  veins 
are  filled,  there  are  other  differences  which  pro- 
perly enough  entitle  them  to  a separate  considera- 
tion. Metallic  veins  are  in  general  less  powerful 


* Vol.  i.  p.  165. 
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than  whin  dykes  and  some  other  strata,  that  is, 
they  are  far  inferior  in  thickness ; they  are  less 
extensive  in  length,  and  probably  in  depth,  and 

they  are  composed  of  a much  greater  variety  of 
materials. 

The  nature,  form,  and  other  circumstances  com 
nected  with  the  history  of  metallic  veins,  have 
been  already  very  minutely  detailed  by  the 
author  of  the  preceding  work  *,  under  the  de- 
nominations of  rake  veins,  irregular  rake  veins, 
partial  veins,  pipe  veins,  flat  and  accumulated 
veins.  These  are  probably  local  names,  which 
were  familiar  only  to  the  author  ; for  descriptions 
of  metallic  veins,  where  distinctions  of  this  kind 
are  admitted,  have  been  seldom  given  by  writers 
on  this  department  of  natural  history. 

Metallic  veins,  like  whin  dykes  and  the  other 
vertical  strata  already  described,  are  contained  in 
fissures  of  the  horizontal  strata.  These  veins  tra- 
verse the  strata  in  all  directions.  It  has  been  sup- 
posed, and  there  seems  to  be  some  foundation  for 
the  supposition,  that  veins  which  run  from  north 
to  south  are  more  powerful,  that  is,  they  contain 
a greater  proportion  of  metallic  ores  than  those 
whose  direction  is  different,  and  therefore  are 
found  to  be  more  productive  and  more  valuable. 

many  mining  fields,  it  has  been  observed  that 

• t • ' • k , j 
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the  principal  and  most  productive  veins  have  a 
course  from  north  to  south ; or  when  there  is  any 
deviation,  it  is  not  very  far  distant  from  that 
course,  generally  running  from  some  points  be- 
tween north-east  and  north-west,  and  south-west 
and  south-east,  while  the  subordinate  veins  tra- 
verse the  strata  in  all  other  directions.  In  Corn- 
wall, according  to-Pryce*,  the  direction  of  the 
best  veins  is  from  east  to  west,  or  at' least  within 
a few  degrees  of  that  course.  • 

The  thickness  of  veins,  both  with  regard  to  the 
proportion  of  metallic  ores  which  they  contain, 
and  the  earthy  minerals  with  which  those  ores  are 
accompanied,  is  extremely  various.  Sometimes  the 
extent  of  the  fissure  is  only  a few  inches,  and 
sometimes  the  sides  of  the  vein  or  the- walls  come 
almost  into  contact.  In  other  cases  veins  reach  to 
the  thickness  of  a tew  feet,  and  sometimes,  al- 
though more  rarely  .by  including  the  whole  of 
the  mineral  matters  with  which  the  fisure  is  filled, 
they  exceed  some  fathoms, 

, With  regard  to  the  extent  of  veins  in  general, 
it  does  not  appear  that  any  thing  very  precise  can 
be  stated.  The  space  occupied  by  the  same  min- 
ing field,  where  the  veins  cpntinue  to  be  of  the 
same  nature,  and  to  yield  the  same  mineral  riches, 
i$  usually  confined  within  narrow  limits.  The 
boundaries  of  the  celebrated  mining  fields  of 
Leadhills  and  Wanlockhead  in  Scotland,  do  not 


* Mineralogia  Cornubiensis,  p.  80. 
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nvuch  exceed  the  range  of  mountains  which  in- 
clude the  valleys  where  the  operations  are  chiefly 
conducted.  IVIr  Pryce  has  made  a similar  obser- 
vation relative  to  the  Cornish  mines.  u Though 
the  depth  of  fissures,”  says  that  naturalist,  “ is 
unlimited  beyond  the  power  of  man  to  follow 
“ after,  yet  it  appears  in  general  that  their  fruit- 
(i  fulness  for  metal  is  distinct  and  limited 

It  would  appear  from  pretty  extensive  expe- 
rience, that  veins  are  found  to  be  richer  in  metal- 
lic ores  at  some  distance  below  the  surface,  and 
that  they  become  poorer  when  that  distance  in 
their  progress  downwards  begins  to  be  consider- 
able. Some  of  the  best  and  most  productive  veins 
at  Leadhills  afforded  the  greatest  abundance  of 
metallic  ore  at  the  depth  of  forty  or  fifty  fathoms; 
but  as  that  depth  has  gradually  encreased,  the 
production  of  ore  has  greatly  diminished  ; and 
Pryce,  whom  I have  just  quoted,  says,  that  the 
richest  state  for  copper  in  the  mines  of  Cornwall 
is  between  forty  and  eighty  fathoms  deep,  and  for 
tin  between  twenty  and  sixty.  At  the  depth  of 
eighty  fathoms,  he  adds,  a great  quantity  both  of 
tin  and  copper  is  sometimes  obtained  ; but  the 
quality  of  the  ore  is  found  to  be  greatly  inferior, 

or,  as  he  expresses  it,  “ decayed  and  dry  for 
“ metal  f.” 


* MjncraloSIa  Cornubiensis,  p.  79.  f Ibid.  p. 
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It  would  appear  too,  that  as  the  same  vein  tra- 
verses certain  rocks,  it  varies  greatly  in  thickness 
and  in  mineral  riches.  A curious  fact  in  illus- 
tration of  this  point  has  been  noticed  in  Derby- 
shire. The  lead  veins  of  that  county  are  situated 
in  limestone,  the  beds  of  which  alternate  with 
beds  of  toadstone,  or  amygdaloid.  When  the  vein, 
after  traversing  the  stratum  of  limestone,  reaches 
the  stratum  of  toadstone,  it  seems  to  be  entirely 
cut  off;  and  indeed  till  lately,  it  was  a pretty  ge- 
neral opinion  that  this  was  actually  the  case.  I he 
vein  again  appeared  in  the  limestone  undei  the 
toadstone,  and  equally  rich  as  before.  It  appears, 
however,  from  the  more  accurate  observations  re- 
corded by  Mr  Pilkington  *,  that  the  veins  do 
really  traverse  the  toadstone,  but  are  so  much  le- 
duced  in  thickness,  and  so  rarely  yield  metallic 
ores,  that  this  circumstance  had  formerly  escaped 
notice,  and  led  to  the  supposition  that  the  vein 
was  entirely  cut  off.  Sometimes  small  pieces  of 
ore  are  interspersed  through  the  toadstone,  and  m 
the  middle  of  it  was  found  at  one  place  a vein  of 
ore  ten  inches  wide.  This  point  has  been  more 
lately  investigated  by  Mr  Watson,  who  says,  that 
the  veins  containing  ores  in  the  limestone  stratum 
generally  pass  through  the  toadstone,  but  seldom 
Contain  ores  in  the  latter.  Sometimes  (but  at 
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is  said  to  be  a rare  occurrence)  galena  with 
blende,  and  some  other  minerals,  are  found  in  the 
loadstone ; for  the  veins,  while  in  that  rock,  are 
generally  small,  and  chiefly  composed  of  cal- 
careous spar  with  some  bituminous  matter ; and 
when  they  descend  into  the  limestone  under  the 
loadstone,  they  resume  their  former  thickness,  and 
frequently  become  as  rich  as  formerly  in  metal- 
lic ores.  ;,e  • 

The  same  vein  in  its  course,  either  in  the  line 
of  bearing,  or  in  its  descent  through  the  horizontal 
strata,  seldom  observes  a perfectly  straight  direc- 
tion. It  appears,  indeed,  that  the  more  powerful 
veins  approach  most  nearly  in  their  course  to  a 
straight  line.  But  in  tracing  the  greater  number  of 
veins,  they  are  found  to  pursue  certain  deviations 
from  a straight  direction.  These  deviations,  how- 
ever, are  rarely  so  considerable  as  to  produce  any 
great  difference  in  the  general  direction  of  the 
vein,  if  it  be  examined  between  two  very  distant 
points. 

The  direction  of  veins  downwards  is  very  sel- 
dom perpendicular.  The  extent  of  deviation  from 
a perpendicular  direction  is  in  some  cases  small, 
while  in  others  it  is  very  great,  varying  from  two 
or  three  degrees  to  no  less  than  fifty  or  sixty ; and 
thus  approaching  so  nearly  to  the  position  of  the 
horizontal  strata,  that  veins  of  this  description  hav© 
been  considered  as  constituting  beds  in  the  hori* 
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2ontal  strata,  rather  than  as  veins  contained  in  hs- 
sures,  and  traversing  the  latter. 

In  describing  veins,  miners  have  adopted  a pe- 
culiar phraseology,  of  which  it  will  be  necessary 
to  give  a short  explanation.  Veins,  it  has  been 
observed,  rarely  run  precisely  in  a perpendicular 
direction.  This  being  the  case,  when  a person 
stands  upright  in  the  excavation  of  a vein  of  this 
description,  the  sides  of  it  must  obviously  appear 
to  be  in  an  inclined  position.  The  upper  side  of 
the  vein  is  called  the  hanging  side , or  simply  the 
hanger ; and  the  lower  side  is  called  the  ledger 
side , or  simply  the  ledger . If  a vein  run  from 
north  to  south,  and  be  inclined  to  the  east,  and  if 
a person  enter  this  vein  from  the  north,  the  ledger 
is  in  this  case  on  the  right  hand,  and  the  hanger 
on  the  left.  Here  it  may  be  worth  while  also  to 
explain  the  language  employed  by  some  foreign 
writers  in  describing  the  course  of  veins.  Accord- 
ing to  this  language,  the  miners  compass  is  divid- 
ed into  twice  twelve  hours.  Twelve  and  twelve 
correspond  to  north  and  south  ; six  and  six,  to 
east  and  west ; and  the  hours,  as  one,  two,  three,' 
gt c.  to  the  intermediate  points  of  the  compass. 
Thus,  for  instance,  a vein  running  north  and 
south  is  said  to  be  a twelve  o’clock  vein  ; a vein 
running  from  east  to  west,  is  called  a six  o’clock 
vein;  and  a vein  whose  course  is  north-west  and 
South-east,  is  denominated  a nine  o’clock  vein. 
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Metallic  veins  are  observed  to  undergo  the  same 
kind  of  dislocation  or  derangement  as  whin  dykes; 
and  this  dislocation  takes  place  both  in  the  line  of 
bearing  and  in  their  descent  through  the  strata 
which  they  traverse.  Sometimes  the  deviation 
iroin  tneir  usual  course  is  merely  a separation  of 
the  vein  to  a certain  distance  on  the  one  side  or 
the  other,  without  the  intervention  of  any  mineral 
stratum,  and  such  as  has  been  already  described 
in  the  history  of  whin  dykes,  and  illustrated  in 
Figure  2.  But  it  frequently  happens  that  the 
dislocation  is  more  considerable,  and  seems  to 
be  occasioned  by  the  vein  which  is  separated 
being  traversed  by  a dyke,  or  vertical  stratum 
composed  of  some  earthy  bodies,  or  by  another 
metallic  vein.  I he  effect  produced  is  somewhat 
similar  to  the  derangement  of  the  coal  strata, 
where  they  are  traversed  by  a dyke,  and  have 
at  the  same  time  been  thrown  up  or  down  from 
their  former  level  on  the  opposite  sides  of  the 
dyke.  The  extent  of  the  dislocation  is  usually 
in  proportion  to  the  thickness  of  the  dyke  or 
crossing  vein.  The  nature  and  effects  of  the  dis- 
Jocations  now  described  will  be  better  understood 
by  examining  Fig.  4.  and  5.  In  Fig.  5.  the  ex- 
tent  of  the  dislocation  is  considerably  greater  in 
the  first  interruption  of  the  tin  vein,  on  the  right 
side  of  the  figure,  where  the  vein  or  dyke  that 
crosses  the  tin  lode  is  of  greater  magnitude  than 
the  interrupting  vein  in  the  middle  and  left  side 
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of  the  same  figure.  In  Cornwall  these  veins  or 
dykes  are  called  gossans  and  flookans  ; and  as  they 
run  in  an  opposite  direction  to  the  tin  veins,  they 
are  distinguished  by  the  epithet  of  cross  lodes, 
cross  gossans , or  cross  flookans. 

In  tracing  the  course  of  metallic  veins,  it  is  no 
unusual  thing  to  observe  the  principal  vein  giving 
off  smaller  veins ; which  latter  traverse  the  hori- 
zontal strata  in  a direction  somewhat  different  from 
the  vein  with  which  they  are  connected,  and  gra- 
dually diminishing  in  thickness,  at  last  entirely 
disappear.  Sometimes  the  branch  which  passes  off 
from  the  principal  vein,  divides  into  a number  of 
still  smaller  branches  before  it  is  entirely  lost. 
This  distribution  of  the  smaller  branches  of  veins 
is  seen  at  f f,  Fig.  4-  To  these  branches  or 
smaller  veins  the  name  of  strings  is  given,  in  the 
technical  language  of  miners  in  this  country. 
When  a vein  of  no  great  thickness  is  obser- 
ved to  divide  frequently  into  strings  or  branches, 
the  miner  entertains  no  great  hopes  of  its  duration 
or  riches  ; for  it  generally  dwindles  to  nothing,  or 
at  least  becomes  so  unproductive  as  not  to  be 
worth  the  labour  and  expence.  In  some  cases, 
however,  a vein  becomes  uncommonly  rich  at  the 
place  of  junction,  where  it  is  met  by  a branch  or 
two  branches  going  off  from  opposite  sides  of  the 
principal  vein.  A remarkable  instance  of  this 
kind,  which  occurred  in  the  celebrated  Susannah 
vein  at  Leadhills,  is  still  spoken  of  with  rapture 
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among  the  miners  of  that  place,  where  the  junc- 
tion of  a branch  or  two  with  the  principal  vein 
encreased  the  thickness  of  pure  ore  to  14  feet. 
This  extraordinary  mass  of  mineral  riches  excited 
so  much  curiosity,  that  a chamber  of  the  dimen- 
sions now  stated  w7as  cut  in  the  solid  ore,  and  was 
visited  even  by  ladies  of  high  rank. 

The  whole  thickness  of  a metallic  vein  is  sel- 
dom or  scarcely  ever  composed  of  pure  ore.  The 
metallic  ore  is  usually  accompanied  with  some 
earthy  mineral;  the  quantity  of  which  varies 
greatly  in  different  veins  in  the  same  mining  field, 
and  even  in  different  places  of  the  same  vein.  It 
is  almost  unnecessary  to  add,  that  a vein  is  charac- 
terised for  its  riches  or  poverty,  according  to  the 
greater  proportion  of  metallic  ore,  and  the  smaller 
proportion  of  stony  matter,  or  the  reverse.  The 
earthy  minerals  which  usually  accompany  the 
lead  ores  in  Britain,  are  heavy  spar,  fluor  spar, 
calcareous  spar,  and  quartz.  Some  of  these  sub- 
stances usually  line  the  walls  or  sides  of  the  vein, 
and  include  the  metallic  ore ; and  hence  they  are 
denominated  the  matrix  of  the  ore,  the  ga?iguey  or 
sometimes  vein  stones.  Cavities  are  very  common 
in  many  metallic  veins ; and  it  is  in  those  cavities 
that  the  beautiful  crystallizations,  whether  of  earthy 
or  metallic  matters,  which  adorn  the  cabinet  of  the 
mineralogist,  are  produced. 

The  arrangement  of  the  different  layers  of  which 
a vein  is  composed  is  different  in  different  veins. 
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Sometimes  the  metallic  ore  Qccupies  the  middle 
space  of  the  vein,  and  thus  forms  the  middle 
layer  ; and  sometimes  the  same  space  is  filled 
with  some  ot  the  earthy  minerals  which  usually 
accompany  the  ore.  As  an  example  of  the  latter,  I 

■V  r ^ . 

recollect  having  seen  a vein  of  lead  ore  at  Leadhills, 
which  was  included  in  a matrix  of  quartz,  and  se- 
parated in  the  middle  by  a layer  of  heavy  spar. 
The  arrangement  of  the  different  layers  of  a vein 
is  sometimes  very  regular  and  uniform.  Werner 
describes  a vein  in  Saxony,  composed  of  two  lay- 
ers of  calcareous  spar  in  the  middle,  and  having 
no  fewrer  than  13  layers  of  different  minerals  dis- 
posed in  the  same  order  on  each  side.  The  late- 
ral layers  consist  of  fluor  spar,  calcareous  spar, 
heavy  spar,  galena,  &-C.* 

The  same  mining  field,  although  of  no  great  ex- 
tent, often  exhibits  a considerable  variety  in  the  na- 
ture of  the  metallic  ores,  andaccompaning  minerals 
with  which  the  veins  are  filled.  Thus,  at  Wan- 
lockhead  and  Leadhills,  which  are  in  the  imme- 
diate vicinity  of  each  other,  the  difference  now 
alluded  to  is  very  remarkable.  The  veins  at 
Wanlockhead  in  general  yield  a greater  variety 
of  mineral  substances,  but  are  less  powerful  and 
less  rich  in  galena  than  those  of  Leadhills.  The 
proportion  of  antimony  in  the  ore  of  Wanlock- 
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head  is  so  great,  as  to  injure  the  quality  of  the 
lead,  and  therefore  must  be  separated  before  the 
lead  is  brought  to  market ; the  treatment  of  the 
ore  at  Leadhills  is  attended  with  no  such  incon- 
venience- or  expence.  A few  years  ago,  white 
lead  ore,  or  the  carbonate  of  lead,  in  groups  of 
acicular  crystals,  wras  very  common  in  the  cavi- 
ties of  the  veins  at  Leadhills;  but  at  Wanlockhead 
the  tabular  variety  of  carbonate  of  lead  was  most 
frequently  met  with  in  similar  situations.  In  place 
Of  the  antimony  writh  which  the  lead  obtained 
from  the  mines  of  Wanlockhead  is  alloyed,  the 
lead  produced  at  Leadhills,  I understand,  usually 
contains  a greater  proportion  of  silver.  • • 

' In  the  district  of  Frey  berg  in  Saxony,  no  fewer 
than  eight  different  kinds  of  veins  are  described 
by  Werner;  and  each  of  these  seems  to  be  dis- 
tinctly characterised,  not  only  by  a diversity  m 
the  nature  of  the  metallic  ore,  but  also  of  the  ac- 
companying minerals. 

The  first  is  galena  lead  ore,  which  contains 
from  one  and  a half  to  two  ounces  and  a half  of 
silver  in  tne  quintal.  JThis  ore  is  accompanied 
with  arsenical’  pyrites,  black  blende,  common  and 
liver  pyrites,  copper  pyrites,  and  sparry  iron  ore. 
The  matrix  or  vein  stones  are  quartz,  pearl  spar, 
and  calcareous  spar. 

The  second  is  galena,  which  is  very  rich  in  sil- 
ver, and  is  accompanied  with  black  blende,  com- 
mon and  liver  pyrites,  a little  arsenical  pyrites, 
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with  red  silver  ore,  brittle  vitreous  silver  ore, 
and  white  silver  ore.  The  vein  stones  are  similar 
to  the  preceding. 

The  third  is  galena,  which  affords  about  an 
ounce  of  silver  from  the  quintal.  It  is  accom- 
panied with  common  pyrites,  black  blende,  and 
red  iron  ochre ; and  the  vein  stones  are  quartz, 
and  some  chlorite  earth. 

The  fourth  is  galena,  which  contains  from  a 
quarter  to  three  quarters  of  an  ounce  of  silver  in 
the  quintal.  It  is  accompanied  with  pyrites  and 
sometimes  brown  blende ; and  the  vein  stones  are 
heavy  spar,  fluor  spar,  quartz,  and  calcareous  spar. 
This  deposition  is  accompanied  also  with  gray  cop- 
per ore,  copper  pyrites  and  galena,  having  for  vein 
stones  a quartzose  petrosilex  or  horn  stone,  heavy 
spar,  and  fluor  spar. 

The  fifth  consists  of  native  silver,  vitreous  silver 
ore,  white  cobalt  ore,  gray  copper  ore,  galena, 
which  is  very  rich  in  silver,  brown  blende,  and 
sparry  iron  ore ; and  the  vein  stones  are  heavy 
spar  and  fluor  spar. 

The  sixth  is  composed  of  native  arsenic,  red  sil- 
ver ore,  white  cobalt  ore,  native  silver,  galena, 
pyrites,  and  sparry  iron  ore ; and  the  vein  stones 
are  heavy  spar,  fluor  spar,  calcareous  spar,  and 
pearl  spar. 

The  seventh  contains  haematites  and  specular 
iron  ore,  having  for  vein  stones  quartz  and  heavy 
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The  eighth  affords  copper  pyrites,  green  copper 
ore,  malachite,  and  red  and  brown  iron  ochre ; and 
the  vein  stones  are  quartz  and  fluor  spar  *. 

From  the  details  now  given,  it  appears  that 
the  different  veins  in  the  same  mining  district  are 
composed  of  very  different  minerals,  and  even 
when  they  apparently  consist  of  the  same  metallic 
ore,  as,  for  instance,  lead  ore,  yet  the  lead  obtain- 
ed from  that  lead  ore  contains  very  different  pro- 
portions of  other  metals  alloyed  with  it.  But 
not  only  does  this  difference  prevail  in  different 
veins ; the  same  vein  presents  also,  in  different 
parts  of  it,  a remarkable  diversity  of  mineral  pro- 
ductions. Thus,  it  has  been  observed  in  the  mining 
field  of  Leadhills,  that  the  quantity  of  yellow  lead 
ore,  or  phosphate  of  lead,  is  most  abundant  near 
the  top  of  the  vein,  and  that  it  diminishes  in  pro- 
portion to  the  depth,  till  at  last  it  disappears  al- 
together. The  variety  of  white  lead  ore  in  groups 
of  acicular  crystals  was  very  common  during  one 
period  of  the  operations  in  the  cavities  of  the  Su- 
sannah vein  of  the  same  field ; but  as  the  opera- 
tions were  carried  to  a greater  depth,  very  few 
specimens  of  that  admired  mineral  production 
were  found.  Some  metallic  veins  in  France  are 
described  as  affording  at  the  upper  part  of  the 


* Townson’s  Philos,  of  Mineralogy,  p.  93.  and  Werner’s 
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vein  iron,  ore,  farther  down,  silver  ore,  and  at  $ 
still  greater  depth,  copper  ore  * : and  in  some  of 
the  mines  of  Saxony,  iron  ore  is  also  found  nexjt 
the  surface,  which  is  succeeded  by  copper  ore,  the 
latter  being  cut  off' by  cobalt  ore;  and  at  a greater 
depth  the  cobalt  gives  place  to  silver  ore.  The 
last  fact,  on  what  authority  I know  not,  is  men- 
tioned by  the  author  f ; and  from  this  he  infers, 

that  the  remarkable  vein  of  coal  which  he  ob- 

>» 

served  at  Castle  jLeod  may  probably  be  succeed- 
ed by  some  metallic  ore.  Patrin  says,  that  he  sa\$ 
large  masses  of  native  arsenic  in  the  bottom  of  the 
silver  mine  of  Zmeof  in  Siberia.  At  the  depth  of 
about  100  fathoms,  the  arsenic  is  the  only  mine- 
ral substance  in  the  vein ; and  although  it  is 
found  to  contain  a small  proportion  of  silver,  the 
miners  were  obliged  to  abandon  their  operations, 
and  even  to  cover  up  the  mine,  iq  consequence  of 
the  noxious  vapours  which  arose  from  the  arsenic. 
The  same  naturalist  adds,  that  the  veins  of  silver 
ore  in  Siberia  generally  terminate,  at  a certain 

* V 

depth,  in  ores  of  arsenic 


* Jameson’s  Mineralogy,  iii.  p.  238. 
\ Vid  vol*  ii.  168. 
f Hist.  Nat.  des  Miner,  iv.  p.  142. 
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CHAP.  III. 

OF  THE  NATURAL  HISTORY  OF  COAL. 


In  the  present  chapter,  I propose  to  make  some 
general  observations  connected  with  the  natural 
history  of  coal;  to  treat  particularly  of  some  of  the 
coal  strata  of  Britain,  of  France,  and  other  coun- 
tries ; and,  lastly,  to  offer  some  hints  relative  to 
the  methods  of  searching  for  coal.  The  topics 
now  enumerated  will  form  the  subjects  of  the  four 
following  sections. 


SECT.  L 

GENERAL  OBSERVATIONS  CONCERNING  COAL. 

The  whole  of  the  strata  of  coal  which  have  yet 
been  discovered,  when  compared  with  the  surface 
of  the  earth,  are  of  very  limited  extent ; and  even 
VOL.  II.  Q 
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in  those  countries  where  this  valuable  mineral  is 
found  in  abundance,  as  in  Britain,  it  occupies  only 
a few  small  spots,  which  are  usually  situated  in 
regions  of  the  earth  little  elevated  above  the  level 
of  the  sea. 

All  kinds  of  rocks  are  not  to  be  considered  as 
indiscriminately  the  repositories  of  coal ; and 
among  the  rocks  where  it  exists,  certain  classes 
afford  it  in  greater  abundance,  and  of  a better 
quality,  than  others.  Three  classes  of  soils  or 
strata  which  accompany  coal  have  been  describ- 
ed ; and  these  strata  are  distinguished  by  peculiar 
characters  : there  is  also  a striking  diversity  in  the 
nature  and  properties  of  the  coal  which  they  con- 
tain *. 

1.  The  first  kind  of  repository  of  coal  is  that 
which  exists  in  alluvial  land ; and  it  possesses 
characters  which  afford  sufficient  marks  of  discri- 
mination from  the  other  repositories  of  that  mine- 
ral. The  strata  which  accompany  coal  of  alluvial 
land  are  usually  clay,  sand,  and  gravel;  the  series 
and  proportional  thickness  of  which  are  very  va- 
rious. The  strata  or  beds  of  coal  in  this  kind  of 
repository,  rarely,  or  scarcely,  ever  preserve  the 


* Kirwan  distinguishes  carboniferous  soils  or  the  various  sorts 
of  earth  or  stone,  which  accompany  coal,  into  four  kinds,  viz. 
argillaceous,  arenilitic  or  sandstone,  or  both  these  combined 
together,  trap  rocks,  and  calcareous  rocks. 
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same  thickness  through  the  whole  of  their  extent. 
The  same  irregularity  is  observed  in  the  parallelism 
of  the  accompanying  earthy  strata:  they  are  usual- 
ly subject  to  sudden  elevations  and  depressions, 
which  often  take  place  in  the  same  stratum.  There 
is  another  circumstance  by  which  the  coal  strata  of 
alluvial  land  are  distinguished  ; they  are  not  in- 
terrupted by  slips  or  dykes,  as  is  the  case  with  the 
coal  strata  in  other  soils.  The  varieties  of  coal  which 
are  usually  found  in  this  soil  are  most  commonly 
lignite  or  bituminized  wood,  common  brown  coal, 
moor  coal,  and  more  rarely  pitch  coal. 

This  kind  of  repository  of  coal  is  not  uncom- 
mon in  different  parts  of  the  world.  The  Bovey 
coal,  which  is  found  near  Exeter  in  England, 
exists  in  alluvial  soil. 

2.  The  second  kind  of  strata  or  soil  which  af- 
fords coal,  is  that  which  is  denominated  from 

/ 

the  prevailing  rocks,  trap,  or  basaltic  soil.  In 
this  soil,  the  number  of  strata  which  accompany 
the  coal  is  not  very  great,  and  their  parallelism  is 
less  perfect  than  in  coal  strata  in  which  sandstone 
is  the  principal  rock.  In  this  repository  the  coal 
is  not  covered  with  shale,  but  with  clay  or  basalt ; 
and  in  the  latter  no  vegetable  impressions,  or  ani- 
mal remains,  are  found.  The  strata  of  rocks  of 
which  this  repository  is  composed  are,  wacken, 
basalt,  both  in  a columnar  and  amorphous  form, 
green  stone  porphyry,  and  argillaceous  iron  stone. 
Dislocations,  or  slips  of  the  strata,  aj^e  rarely  jnet 
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"With  in  the  series  of  rocks  now  under  considera- 
tion, but  whin  dykes  are  frequently  observed.  The 
varieties  of  coal  which  are  usually  met  with  in  this 
repository  are,  pitch  coal,  moor  coal,  coal  blende 
or  blind  coal,  and  sometimes  slaty  coal. 

Mines  of  coal  of  this  description  are  not  unfre- 
quent in  different  places  in  the  interior  of  France. 
A remarkable  mine  of  coal  in  this  kind  of  reposi- 
tory is  met  with  at  Meissner  in  Hessia.  In  the  same 
kind  of  repository  coal  has  been  found  in  Bohe- 
mia, and  at  Borrowstonness  and  Bathgate  in  Scot- 
land. 

3.  The  third  repository  of  coal  is  by  far  the 
most  important,  not  only  as  the  coal  is  generally 
of  a better  quality,  but  as  it  is  found  in  greater 
abundance,  and  more  accessible.  This  repository 
is  essentially  characterised  by  the  strata  of  coal 
preserving  their  parallelism  to  a considerable  ex- 
tent. The  strata  which  usually  accompany  coal 
in  this  repository  are,  indurated  clay,  different 
varieties  of  sandstone,  bituminous  shale,  ratchel  or 
rubble  stone,  a soft  decomposing  clay  porphyry  or 
green  stone,  known  in  this  country  by  the  name 
of  rotten  stone,  argillaceous  iron  stone,  marl,  and 
secondary  limestone  : but  of  these  strata  it  is  to  be 
observed,  that  the  whole  are  not  always  found  in 
different  coal  fields ; and  even  when  this  is  the 
case,  they  do  not  alternate  in  the  same  regular 
series,  or  retain  the  same  thickness.  On  the  con- 
trary. not  only  is  the  thickness  of  the  different 
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beds  extremely  various,  but  they  succeed  each 
other  in  a very  different  order  ; and  some  of  the 
beds,  but  particularly  the  limestone,  are  entirely 
wanting. 

But  although  beds  of  limestone  are  to  be  con- 
sidered rather  as  a rare  occurrence  among  the  coal 
metals,  it  is  no  unusual  thing  to  observe  a mass  of 
limestone  lying  on  the  outer  edge  of  a coal  Held. 
This  fact,  which  holds  with  regard  to  many  of  the 
coal  fields  in  this  country,  seems  to  have  been 
little  attended  to  by  geological  writers.  Thus,  at 
the  extremity  of  the  coal  field  in  East  Lothian, 
there  is  an  extensive  mass  of  bluish  coloured 
limestone,  containing  animal  remains,  which  ap- 
pears on  the  east  side  of  the  village  of  Salton,  and 
still  nearer  the  coal  field  on  the  banks  of  the  river 
Tyne,  in  the  estate  of  Pentcaitland.  In  both 
places  a seam  of  very  imperfect  coal  is  met  with, 
alternating  with  limestone,  but  no  stratum  of  work- 
able coal  has  been  found  near  it.  On  the  south 
and  east  sides  of  the  coal  field  near  the  village  of 
Riccarton  in  Ayrshire,  there  is  also  a very  exten- 
sive mass  of  limestone  of  the  same  quality.  A si- 
milar limestone  is  met  with  in  the  same  circum- 
stances to  the  north  of  the  coal  field  near  the  vil- 
lage of  Stevenston  in  the  same  county.  Coal  has 
been  found  under  the  bed  of  limestone,  but  of  so 
inferior  a quality,  as  scarcely  fit  to  be  employed 
as  fuel  in  burning  the  limestone.  Indeed,  it  may 
be  observed  in  general,  that  the  coal  which  is  a 
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companied  with  any  considerable  mass  of  lime- 
stone, is  usually  of  a bad  quality. 

With  regard  to  the  other  facts  connected  with 
the  natural  history  of  coal,  the  author  of  the  pre- 
ceding work  has  entered  into  so  full  a detail  of 
the  various  circumstances  by  which  they  are  cha- 
racterised, that  it  would  be  unnecessary  repetition 
to  resume  any  farther  account  of  them  in  this 
place ; but  to  give  the  reader  a more  distinct  view 
of  the  strata  which  accompany  coal,  and  of  the 
order  in  which  those  strata  succeed  each  other,  I 
shall  insert  the  following  tables  of  the  coal  strata 
in  different  places ; and  by  a comparison  of  these, 
the  varieties  in  the  arrangement  and  thickness  of 
the  strata,  will  be  readily  discovered. 

Table  I. 

Account  of  the  strata  in  Croft  Pit  at  Preston 
Hows,  about  If  mile  to  the  south-west  of  White- 
haven*; the  depth  108  fathoms. 

Feet.  In. 

Soil  - - 13 

Soil  and  clay  mixed  - 4 9 

Black  soil  - - 10 

1.  Brown  soft  limestone,  resembling 

> , 

stone  marl  in  irregular  strata  9 0 

2.  Dark  coloured  lilnestone,  harder  6 0 


* Dixon’s  Life  of  Brownrigg,  p.  113. 
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1 t 

Feet. 

In. 

3.  Yellowish  limestone  mixed  with  spar 

4 

0 

4.  Reddish  hard  limestone 

2 

0 

5.  Reddish  hard  limestone,  but  with 

finer  particles  - . 

1 

6 

6.  Hard  dark  coloured  limestone 

1 

4 

7.  Yellowish  limestone  mixed  with  spar 

4 

0 

8.  Soft  brown  limestone 

4 

2 

9.  Soft  brown  and  yellow  limestone 

mixed  with  freestone 

2 

6 

10.  Limestone  mixed  with  yellow  free- 

stone 

2 

0 

11.  Reddish  soft  freestone 

1 

6 

12.  Red  slate  striated  with  freestone  in 

thin  layers 

2 

6 

13.  Red  freestone 

42 

6 

14.  Soft  red  slate 

0 

6 

15.  Red  slate  striated  with  red  freestone 

in  thin  layers 

25 

0 

✓ V 

16.  Red  slate  striated  with  freestone 

27 

0 

17.  Strong  red  freestone,  rather  grayish 

29 

9 

18.  Lumpy  red  freestone  speckled  with 

white  freestone 

0 

9 

- < ■»  * , . * v‘,  i 

19.  Blue  argillaceous  schistus  speckled 

with  coal 

0 

9 

20.  Red  soapy  slate 

13 

0 

21.  Black  slate  with  a small  appearance 

of  coal  under  it 

1 

0 

22.  Ash  coloured  friable  argillaceous 

schistus  - ->  , 

4 

6 

* 
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23. 

24. 

25. 
20. 
27- 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 


Feet.  In* 

Purple  coloured  slate  striated  with 

freestone  - 23  3 

The  same,  and  under  it  black  slate  4 0 

Coal  I.  - - i 0 

Soft  whitish  freestone  - 10  2 

' jr 

Blackish  slate  a little  inclined  to 

brown  - - 4 1 1 

Coal  II.  - - 1 10 

Blackish  shale  intermixed  with  coal  2 6 

Whitish  freestone  - 8 6 

Strong  bluish  slate  mixed  with  gray 

freestone  - - 3 0 

White  iron  stone  - 10 

Freestone  striated  with  blue  slate  I 8 

White  freestone  striated  with  slate 

in  thin  layers  - 9 3 

Dark  blue  slate  - - 136 

Coal  III.  - - ’0  9 

Dark  gray  shale  - 15  8 

Coal  IV.  with  a mixture  of  slate  1 

inch  thick  - - 2 0 

Gray  freestone  mixed  with  iron 

stone  - < - 8 

Hard  white  freestone  - 15 

Coal  V.  ' - V - ,1 

Shale  mixed  with  freestone  - 8 

Olive  coloured  slate  adhering  to  black 

. . d a nt  1 

slate 


44*  Coal  VI. 


' r. 

* * 


2 

1 


0 

6 

0 

0 

4 
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Feet.  In. 

45.  Black  shale  mixed  with  freestone  8 8 

46.  White  freestone  mixed  with  slate  8 0 

47.  Dark  blue  slate  - 22  4 

48.  Coal  VII.  - - 13 

49.  Black  shale  mixed  with  freestone  7 6 

50.  Strong  white  freestone  - 6'  0 

51.  Brown  iron  stone  - 3 0 

52.  Dark  gray  slate  - - 6 0 

53.  Dark  gray  shale,  with  an  intermix- 

ture of  Coal  VIII.  about  5 inches 
- thick  - -56 

54.  Light  coloured  slate  mixed  with  free- 

stone - - 5 6 

55.  Blue  slate  striated  with  freestone  10  0 

56.  Strong  white  freestone  a little  tinged 

with  iron  - _ 2 6 

57*  Very  black  shivery  slate  - 10-3 

58.  Coal  IX.  strong,  and  of  a good  qua- 

lity - - 04 

59.  Soft  gray  slate  - - 0 3 

60.  Coal  X.  very  black,  burns  well  0 8 

61.  Hard  black  shale  - 17 

62.  Coal  XI.  mixed  with  pyrites  1 2 

63.  Argillaceous  schistus,  gray  and  brittle  3 0 

64.  Blue  rough  argillaceous  schistus  4 6 

65.  Fine  blue  slate  - - 3 0 

66.  Freestone  mixed  with  iron  stone  3 0 

67.  Black  shivery  slate  - 6 0 

68.  Dark  blue  slate  very  fine  - 5 6 
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Feet.  In. 

69.  Dark  blue  slate,  very  brittle  - 0 6 

70.  Goal  XII.  - - 2 ..  6 

71.  Soft  gray  argillaceous  schistus  0 6 

72.  Argillaceous  schistus  mixed  with 

freestone  - - 2 0 

73.  White  freestone  with  fine  particles  7 0 

74.  Blue  slate  striated  with  white  free- 

stone - - 4 7 

75.  Light  blue  slate,  very  fine  - 3 0 

76.  Blue  slate  a little  mixed  with  iron 

t stone  - - 12  0 

77.  Black  shivery  slate  - 10 

78.  Coal  XIII.  - ~ 0 6 

79.  Brownish  hard  slate  - 9 0 

80.  Strong  blue  slate  tinged  with  iron 

stone  - - 28  6 

81.  Dark  blue  slate,  rather  inclined  to 

brown,  and  brittle  - 1*6 

•82.  Blue  soft  brittle  slate  - 0 6 

83.  Coal  XIV.  - - 1 P 

84.  Lightish  gray  argillaceous  schistus, 

brittle  and  soapy  - 4 0 

85.  Freestone  striated  with  blue  slate  7 0 

86.  Fine  blue  argillaceous  schistus  stria- 

ted with  white  freestone  - 4 0 

87.  Black  slate,  with  hard,  sharp,  and 

fine  particles  - - 3 0 

88.  Blue  slate,  light  and  fine  - 27  0 

89.  Coal  XV.  - - 5 4 

\ 
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Feet. 


90.  Soft  gray  argillaceous  schistus 
pi.  Black  shivery  slate 
Q2.  Coal  XVI. 

93.  Strong  lightish  coloured  shale 

94.  Blue  slate  striated  with  white  free- 

stone 

95.  Iron  stone 

96.  Gray  slate 

97.  Strong  white  freestone 

98.  Freestone  striated  with  blue  slate 

99.  White  freestone 

100.  Freestone  striated  with  blue  slate 
J 01.  Black  slate 

102.  Freestone  striated  with  blue  slate 

103.  Strong  white  freestone 

104.  Freestone  mixed  with  blue  slate, 

in  thin  layers 

105.  Strong  white  freestone 

106.  Grayish  slate,  of  a shivery  nature 

107.  Freestone  mixed  with  blue  slate,  in 

thin  layers 

108.  Very  strong  with  freestone 

109.  Fine  blue  slate 

110.  White  freestone  striated  with  blue 

slate 

111.  Fine  blue  slate 

112.  White  freestone  striated  with  blue 

slate 


4 
2 
1 

3 

3 

0 

3 

5 

0 

1 

3 

0 

1 

0 


2 

0 

6 


4 

5 
2 


0 

O 


In. 

3 

2 

3 

4 

4 

4 
9 
6 

10 

3 

11 

5 

44 

4 

4 

5 
0 

0 

3 

3 

74 

4 


2 


1 
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Feet.  In. 


113*  Freestone  striated  with  blue  slate, 


in  fine  particles 

0 

10 

114*  White  freestone  in  thin  layers 

0 

4 

115.  The  same,  but  more  friable 

0 

5 

ll6.  Fine  blue  slate 

2 

1 

117.  Coal  XVII. 

V * - 

7 

10 

Table  11. 

Presents  a view,  of  the  strata  in 

Restoration 

Pit,  St  Anthon’s  Colliery,  near  Newcastle, 
depth  of  this  pit  is  135  fathoms  *. 

The 

Feet. 

1X2. 

\ 

1.  Soil  and  clay 

30 

••  1 

0 

2.  Brown  freestone 

72 

0 

l 

3.  Coal  I. 

0 

6 

4.  Blue  metal  stone 

17 

0 

5.  White  girdles 

13 

0 

6.  Coal  II. 

0 

8 

7.  White  and  gray  freestone 

36 

•0 

8.  Soft  blue  metal  stone 

30 

0 

p.  Coal  III. 

V 

0 

6 

10.  Freestone  girdles 

18 

0 

11.  Whin 

10 

6 

12.  Strong  freestone 

19 

0 

13.  Coal  IV. 

1 

1<I 

* St  Fond’s  Travels,  i.  p.  140, 
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Feet. 

In. 

14.  Soft  blue  till 

11 

0 

15.  Soft  girdles  mixed  with  whin 

23 

0 

l6‘.  Coal  V. 

0 

b 

17.  Blue  and  black  stone 

22 

0 

18.  Coal  VI. 

0 

8 

IQ.  Strong  freestone 

9 

0 

20.  Gray  metal  stone 

10 

0 

21.  Coal  VII. 

0 

8 

22.  Gray  post  mixed  with  whin 

25 

0 

23-  Gray  girdles 

19 

0 

24.  Blue  and  black  stone 

14 

0 

25.  Coal  VIII.  <• 

1 

0 

2b.  Gray  metal  stone 

12 

0 

27.  Strong  freestone 

3b 

0 

28.  Black  metal  stone  with  hard  girdles 

18 

0 

29.  High  main,  Coal  IX. 

6 

0 

30.  Gray  metal 

27 

0 

31.  Post  girdles 

2 

0 

32.  Blue  metal 

4 

0 

33.  Girdles 

1 

2 

34.  Blue  metal  stone 

30 

0 

35.  Post  - 

1 

0 

3b.  Blue  metal  stone 

18 

0 

37*  Whin  and  blue  metal 

1 

b 

38.  Strong  freestone 

21 

0 

39-  Brown  post  with  water 

0 

7 

40.  Blue  metal  stone  with  gray  girdles 

14 

0 

41*  Coal  X. 

3 

0 

42.  Blue  metal  stone 

18 

3 
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Feet. 

43.  Freestone  - 4 

44.  Coal  XI.  - - 0 

45.  Strong  gray  metal,  with  post  girdles  12 

46.  Strong  freestone  7 

47.  Whin  - . 1 

48.  Blue  metal  stone  - S 

49.  Gray  metal  sfeone  with  post  girdles  16 

50.  Blue  metal  stone  with  whin  girdles  10 

51.  Coal  XII.  1 

52.  Blue  gray  metal  3 

53.  Freestone  - - 12 

54.  The  same  mixed  with  whin  - 12 

55.  Freestone  8 

56.  Dark  blue  metal  2 

57.  Gray  metal  stone  and  girdles  14 

58.  Freestone  mixed  with  whin  18 

59.  Whin  1 

60.  Freestone  mixed  with  whin  - 6 

61.  Coal  XIII.  3 

62.  Dark  gray  metal  stone  - 3 

63.  Gray  metal  and  whin  girdles  10 

64.  Gray  metal  and  girdles  - 9 

65.  Freestone  3 

66.  Coal  XIV.  - - 3 

67.  Blue  and  gray  metal  - 4 

68.  Coal  XV.  - - 0 

69.  Blue  and  gray  metal  - 12 

70 . Freestone  mixed  with  whin  - 4 


In. 

0 

6 

6 

0 

0 

7 

5 

3 

6 

8 

7 

0 

0 

0 

0 

7 

0 

6 

o 

6 

10 

0 

0 

2 

2 

9 

0 

6 
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Feet.  . In. 

71.  Gray  metal  - - 0 6 

72.  Gray  metal  and  girdles  - 69 

73.  Low  main,  Coal  XVI.  - (5  6 

Table  III. 

Exhibits  the  strata  met  with  in  sinking  a pit  at 
Ilkeston  in  Derbyshire,  314  fathoms  *. 

Feet.  In. 

1.  Soil  and  yellow  clay  - 6 6 

2.  Black  shale  - - 4 0 

3.  Iron  stone  - - 1 6 

4*  Coal  I.  - - 13 

5.  Clunch  - - 6 6 

6.  Gray  stone  - - 9 0 

7.  Blue  stone  - . 7 0 

8.  Black  shale  - ..  1 6 

9.  Brown  iron  stone  - 10 

:I0.  Black  shale  - - 6 0 

11.  Light  blue  bind  • - 6 6 

12.  Burning  shale  - - 2 6 

13.  Light  blue  clunch  - 4 0 

14.  Light  blue  stone  - - 9 0 

15.  Blue  bind  - - 2 3 

16.  Coal  II.  - - 1 Q 

17-  Black  clunch  - - 0 4 


* Pilkington,  i.  p.  82. 
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Feet.  til, 

18.  Black  jet,  a kind  of  cannel  coal  0 9 

19.  Lightish  blue  clunch  - 2 5 

20.  Broad  bind  7 6 

21.  Light  coloured  stone  - 4 0 

22.  Grayish'blue  cank  (a  hard  substance)  6 6 

23.  Very  light  coloured  stone  - 14  0 

24.  Strong  broad  bind  - 4 0 

25.  Gray  stone  - 7 0 

26.  Blue  bind  - - 4 0 

27.  Coal  III.  soft  quality  - 26 

28.  Black  bind  - - 6 6 

29.  Coal  IV.  soft  - - 4 9 

30.  Black  clunch  - - 3 0 

31.  Light  coloured  clunch  - 3 0 

32.  Broad  bind  - - 11  6 

33.  Black  clunch  - - 3 0 

34.  Clunch  and  bind  - - 25  6 

35.  Coal  V.  - - 6 3 

36.  Clunch  - - 3 9 

Table  IV. 

Shows  the  strata  discovered  in  Borland  Pit  at 
Dysart  in  Scotland,  which  was  sunk  in  1788  and 
1789  to  the  depth  of  46  fathoms. 

Feet.  In. 

1.  A coarse  freestone  - - 27  0 

2.  Coal  I.  called  Sandwell  coal  4 0 

3.  Blaes,  the  pavement  of  the  coal  4 0 
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4.  Hard  freestone 

5.  Blaes 

6.  Coal  II. 

7.  Hard  freestone 
•8.  Blaes 

9.  Hard  freestone 

10.  Blaes 

11.  Hard  stone 

12.  Gray  feaks  or  bands,  a sandstone  of 

a lamellated  structure,  with  a 
mixture  of  clay  and  sometimes 
streaks  of  coaly  matter 

13.  Coal  III. 

14.  Kirk-stone,  a porous  freestone  with 

balls  of  iron-stone 

15.  Blaes 

16.  Coal  IV. 

17.  Blaes 

18.  Gray  feaks 

19.  Hard  freestone 

20.  Gray  feaks 

21.  Hard  freestone 

22.  Gray  feaks 

23.  White  hard  bands 

24.  Blaes 

25.  Pier-stone,  a very  hard  freestone 

26.  Blaes 

27-  Coal  V.  the  main  coal 
VoL.  II, 


Feet.  In. 

14  0 

9 Q 

0 9 

20  0 

5 0 

4 0 

18  0 

2 ® 


9 0 

0 9 

54  0 

4 0 

0 9 

4 0 

7 0 

2 0 
2 0 
2 6 
12  0 
6 0 
3 0 

11  0 
26  3 

24  0 
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In  the  preceding  Tables  the  local  names  are  re- 
tained. Many  of  these,  it  must  be  acknowledged, 
are  extremely  arbitrary ; but  it  will  not  be  diffi- 
cult to  understand  them  by  a comparison  of  the 
strata  in  the  different  Tables.  It  may  be  just 
noticed,  that  the  gray-stone  and  blue-stone  of 
Table  III.  are  sand-stones ; clunch  is  a bituminous 
shale,  and  bind  is  an  indurated  clay.  The  blaes 
of  Table  IV.  is  also  a bituminous  shale,  and  the 
gray  feaks  is  a shivery  foliated  sandstone. 

It  is  no  unusual  circumstance  to  find  the  re- 
mains of  animals  and  vegetables,  and  particularly 
the  latter,  on  the  strata  which  accompany  coal. 
Impressions  of  fishes,  or  of  river  shells,  as  mussels 
and  land  snails,  are  sometimes  met  with  on  the 
shale ; but  those  of  plants  of  the  fern  and  grass 
tribes  are  most  common.  The  sandstone  also  not 
unfrequently  contains  similar  impressions,  as  well 
as  the  entire  mass  of  the  roots,  trunks,  or  branches 
of  trees,  sometimes  in  a horizontal  position,  and 
compressed  as  if  with  great  force  into  a flattened 
form  ; and  sometimes  in  a vertical  position,  seem- 
ingly the  same  in  which  they  existed  in  the  living 
state.  Such  trees,  it  may  be  added,  are  entirely 
converted  into  the  matter  of  the  sandstone,  except- 
ing the  bark,  which  is  often  changed  into  a sub- 
stance of  the  nature  of  coal,  and  in  many  cases 
possesses  all  the  properties  of  true  coal.  But  al- 
though the  remains  of  organized  bodies  appear 
both  on  the  common  and  bituminous  shale,  the 
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latter  of  which  is  almost  in  immediate  contact 
with  the  coal,  yet  the  coal  itself  rarely  exhibits 
any  vestiges  either  of  vegetable  or  animal  impres- 
sions. This  is  undoubtedly  a very  singular  and 
unaccountable  fact,  and  seems  not  very  favourable 
to  the  opinion  of  the  vegetable  origin  of  coal,  un- 
less it  be  admitted  by  those  who  support  that  opi- 
nion, that  the  vegetable  structure  has  been  en- 
tirely destroyed  during  the  process  of  nature  in 
theTormation  of  coal.  It  must  not,  however,  pass 
unnoticed,  that  all  coal  is  not  destitute  of  vege- 
table remains.  When  the  coal  is  of  a laminated  or 
slaty  structure,  as  in  the  cannel  or  parrot -coal  of 
this  country,  the  impressions  of  plants  of  the  g*as3 
or  reed  kinds  are  very  common  on  the  surface  of 
the  stratum  of  coal ; and  the  organized  structure 
is  often  so  entire,  that  the  fibres  of  which  the  plant 
has  been  composed  may  be  separated  into  very 
fine  filaments  of  a glossy  or  silky  appearance. 
Sea-shells  are  very  rarely  found  in  the  strata 
which  accompany  coal;  a circumstance  which 
must  be  considered  as  rather  adverse  to  the  opi- 
nion of  coal  being  formed  by  deposition  at  the 
bottom  of  the  ocean. 
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SECT.  IT. 

OF  THE  COAL  OF  GREAT  BRITAIN. 

It  has  been  already  remarked,  that  the  coai 
hitherto  discovered  on  the  surface  of  the  globe  is 
comparatively  of  very  limited  extent.  Excepting 
only  a lew  small  spots,  the  remaining,  and  by  far 
the  greater  proportion  of  the  surface  of  the  earth, 
affords  no  traces  of  the  existence  of  that  valuable 
mineral.  Ihe  same  remark  is  by  no  means  in- 
anplicable  to  Britain,  in  which  coal,  which  gives 
life  and  vigour  to  her  noble  and  stupendous  ma- 
nufactories, may  be  justly  regarded  as  abundant; 
but  when  its  extent  is  compared  to  that  of  the 
whole  surface  of  the  country,  it  will  appear  to  be 
extremely  limited  The  principal  places  in  Eng- 
land which  afford  coal  in  abundance  are  the 
counties  of  Northumberland,  Durham,  and  Cum- 
berland, Stafford,  Derby,  Gloucester,  and  South 
Wales. 

Coal  of  Northumberland. — Coal  is  met  with  in  many 
places  of  this  county ; but  it  is  dug  out  in  great- 
est quantity  on  the  banks  of  the  Tyne,  in  the  vi- 
cinity of  Newcastle,  and  in  the  adjoining  county 
of  Durham.  As  this  coal  is  shipped  at  Newcastle, 
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ar  the  ports  of  Shields  dependent  on  it,  and  as 
this  has  been  for  hundreds  of  years  the  chief  source 
from  which  the  immense  consumpt  of  the  metro- 
polis of  the  kingdom  and  the  eastern  parts  of  Eng- 
land is  supplied  with  fuel,  it  is  better  known  by 
the  name  of  Newcastle  coal. 

The  relative  position  of  the  coal  of  Northum- 
beiland  affords  a good  illustration  of  the  general 
fact  already  noticed,  that  the  strata  of  coal  are 
bounded  by  limestone.  If  a line  be  drawn  from 
Alemouth,  in  the  northern  district  of  the  county, 
to  a little  west  of  By  well,  on  the  river  Tyne,  all 
the  valuable  strata  of  coal  will  be  found  on  the 
east  side  of  that  line.  The  strata  of  coal  on  the 
west  side  of  the  same  line,  which  are  only  from 
one  to  three  feet  in  thickness,  and  of  a very  in- 
ftnoi  quality,  alternate  with  exiensive  masses  of 
limestone.  On  the  east  side  of  the  Hne  now  de- 
scribed, no  limestone  whatever  appears,  excepting 
a small  patch  of  a different  variety,  which  is  found 
at  Whitley  near  Tynemouth.  This  latter  lime- 
stone runs  in  a south-westerly  direction  through 
the  county  of  Durham.  It  is  in  this  space,  be- 
tween the  two  ranges  of  limestone,  that  the  coal 
of  Northumberland  and  Durham  is  included  ; for 
the  same  breadth  of  coal  may  be  traced  through 
the  county  of  Durham,  stretching  in  the  same  di- 
lectmn,  and  bounded  in  a similar  manner  on  the 
east  and  west  by  different  kinds  of  limestone. 
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The  coal  strata  of  Northumberland  and  Dur- 
ham incline  or  dip  to  the  south-east ; and  there  is 
perhaps  no  coal-field  m the  world  of  nearly  the 
same  extent,  in  which  the  strata  lie  so  fair  and  re- 
gular ; but  this  coal-field  is  not  entirely  free  from 
dislocations.  A very  remarkable  one,  called  the 
Main  Dyke,  runs  in  a south-westerly  direction 
from  Currie  Point,  about  5 or  6 miles  north  of 

T , t * 4 * ' ..  i 

Tynemouth,  by  New  Benton,  West  Kenton,  and 
Townly  Main,  and  produces  a downcast  in  the 
strata  of  no  less  than  90  fathoms  to  the  north. 

The  various  strata  or  seams  of  coal  with  which 
Northumberland  and  Durham  abound,  and  the 
strata  which  accompany  the  coal,  will  be  seen 
by  consulting  Table  II.  given  in  the  former  sec- 
tion. The  depth  of  the  different  seams  will  also 
be  found  in  the  same  Table.  The  coal  of  these 
two  counties  is  wrought  from  30  fathoms  to  135 
fathoms,  which  is  the  depth  of  the  low  main  coal 
at  St  Anton’s  coalery,  3 miles  east  of  New- 
castle, from  which  the  table  of  the  strata  is  taken. 

* - • , • * , i •>'*.,  • * ■ 

But  a pit  has  been  sunk  more  lately  at  Willing- 
ton,  5 miles  north  east  from  Newcastle,  where  the 
depth  to  the  low  main  coal  is  not  less  than  140 
fathoms. 

It  appears  that  coal  was  wrought  very  early  in 
the  vicinity  of  Newcastle;  and  indeed  some  have 
supposed  that  a coalery  was  established  not  far 
from  Benwell  (the  Condercum  of  the  Romans) 
during  the  period  in  which  that  people  lived  in 
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Britain.  In  the  year  1239.  Henry  III.  granted  to  the 
freemen  of  Newcastle  the  right  to  dig  coal  in  the 
neighbourhood,  and 7 years  after  that  time,  it  is  said 
it  first  obtained  the  name  of  sea-coal.  In  the  reign 
of  King  John,  the  coal  trade  made  rapid  progress; 
but  although  coal  was  found  to  be  the  best  kind  ot 
fuel,  it  appears  that  its  use  was  prohibited  in  Lon- 
don by  a royal  proclamaii  n,  which  was  issued  in 
1306.  In  135 !,  a licence  was  granted  by  Ed- 
ward III.  to  the  burgesses  of  Newcastle,  to  dig 
coals  and  stones  in  a place  called  Castle  Field, 
without  the  walls  ; and  about  the  same  period,  a 
coaiery  at  Elsvvick  near  Newcastle  was  demised 
to  Adam  Cole  well,  for  five  pounds  of  yearly  rent. 
In  the  year  1421,  the  coal  trade  had  become  of 
such  importance,  that  acts  of  parliament  were 
made  for  its  regulation;  and  in  particular  it  was  di- 
rected by  one  which  was  passed  in  that  year,  that  all 
vessels  carrying  coals  should  be  measured  by  com- 
missioners nominated  by  the  king,  and  should 
have  their  burden  marked  upon  them,  that  his 
majesty  might  not  be  defrauded  of  his  duty  of 
twopence  per  chaldron  by  false  measurement. 

A lease  for  the  period  of  8 years,  of  two  coal- 
pits at  Elsvvick,  was  granted  by  the  prior  of  Tyne- 
mouth in  1538  to  Christopher  Midford,  at  the  an- 
nual rent  of  50l.  The  price  of  coals  at  this  time 
at  Newcastle  was  2s.  fid.  per  chaldron,  and  at 
London  about  4s.  In  1582,  Queen  Elizabeth  ob- 
tained from  the  bishop  of  Durham  a lease  of  the 
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manor  ot  Gateshead  and  Whickham,  with  the  coal 
mines,  common  wastes  and  parks,  for  ( )<J  years,  at 
the  annual  rent  of  ()0l.  This  lease,  which  is  com- 
monly known  by  the  name  of  the  grand  lease , and 
which  occasioned  an  increase  of  the  price  of  coals, 
was  first  assigned  to  the  earl  of  Leicester,  the  queen’s 
favourite,  and  afterwards  to  the  famous  Sutton, 
the  founder  of  the  Charter-house  in  London.  The 
price  of  coals  then  rose  to  6s.  per  chaldron.  An 
assignment  of  the  same  lease,  for  the  sum  of 
12  0001.  was  made  by  Mr  Sutton  to  Sir  William 
Liable  and  others,  for  the  use  of  the  mayor  and 
burgesses  of  Newcastle.  Coals  then  advanced  in 
price  to  7s.  afterwards  to  8s.  and  in  15£)0  to  qs. 
per  chaldron.  During  the  time  of  Queen  Eliza- 
beth, and  the  tour  succeeding  reigns,  various  acts 
and  regulations  were  made  by  parliament  rela- 
tive to  the  coal  trade  of  Newcastle.  In  the  year 
1648,  the  price  of  coal  in  London  was  so  high, 
that,  it  is  said,  many  of  the  poor  actually  died  for 
•want  of  fuel.  A complaint  was  made  against  Sir 
Arthur  Hazlerigg.  governor  of  Newcastle,  for  im- 
posing a tax  of  4s.  per  chaldron  on  coals;  and  the 
year  following  the  matter  was  taken  up  by  the 
house  of  commons,  and  an  investigation  directed 
to  be  made  into  the  claim  of  Is.  per  chaldron,  and 
in  what  way  this  claim  might  be  obviated. 

In  the  year  1 655,  the  price  of  coals  in  London 
exceeded  20s.  per  chalron ; and  at  this  time  320 
vessels  appear  to  have  been  employed  in  the  coal 
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trade  upon  the  river  Tyne,  each  of  which  carried 
annually  800  chaldrons.  An  act  of  parliament 
was  made  in  1607,  by  which  a duty  of  Is.  per 
chaldron  was  granted  to  the  lord  mayor  of  London, 
to  enable  him  to  defray  the  expence  of  rebuilding 
the  chuiches  and  other  public  edifices  which  were 
destioyed  by  the  great  fire  of  the  preceding  year  ; 
but  this  being  found  insufficient,  it  was  raised  to 
pei  chaldron,  and  to  continue  for  20  years. 
In  l677»  Charles  II.  granted  to  the  duke  of  Rich- 
mond a duty  of  is.  per  chaldron  on  coals;  and  the 
right  to  this  impost  continued  in  the  same  fa- 


mily  till  the  year  1800,  when  it  was  purchased  by 
government  for  the  payment  of  19,0001.  annually 
to  the  duke  and  his  heirs.  The  duty  on  coal  im- 


ported into  London  amounts  at  present,  it  is  said, 
to  the  annual  sum  of  2b,000l. 

Such  is  a short  sketch  of  the  coal  trade  of  New- 
castle till  it  rose  to  its  present  importance.  The 
following  is  a statement  of  the  quantity  of  coals 
exported  from  the  river  Tyne,  for  a period  of  4 


carried. 

Years. 

1 oastwise. 

Over  Sea. 

1802 

Chal.  4^4,488 

4LLV7 

1803 

ditto  505,137 

42208 

1804 

ditto  579  329 

4b, 737 

1805 

ditto  552,827 

47,213 

Plantations. 

a, 844 
1,516 
3,852 
2,360 


/ 


coal 
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But  it  must  be  observed,  that  the  above  is  ex- 
elusive  of  the  coal  exported  from  the  harbours  ad- 
joining to  Newcastle,  as  from  Sunderland,  the  ex- 
ports of  which  amount  annually  to  3o0,00o  chal- 
drons, besides  a considerable  quantity  from  other 
ports.  It  is  also  exclusive  of  the  quantity  con- 
sumed in  the  town  and  neighbourhood. 

Our  Author,  it  will  be  recollected,  has  thrown 
out  some  hints  in  the  former  volume,  with  re- 
gard to  the  probable  duration  of  coal,  in  oppo- 
sition to  the  opinion  that  the  Newcastle  coal,  or 
in  a more  general  view  the  coal  of  Britain,  may 
be  considered  as  inexhaustible ; and  to  form  a 
probable  conjecture  of  the  length  of  time  during 
which  a supply  of  coal  may  be  obtained  from  the 
rivers  Tyne  and  Wear,  a calculation  has  been 
made  according  to  the  following  data.  1.  That 
the  seams  of  coal  which  are  now  wrought  in 
Northumberland  and  Durham  may  be  estimated 
as  equal  to  a seam  or  bed  of  ‘20  miles  in  length, 
and  15  in  breadth ; 2.  That  this  seam  may  be 
taken  on  an  average  at  4t  feet  in  thickness ; 3. 
That  one  sixth  of  the  above  extent  of  coal  must  be 
deducted  for  pillars,  which  are  left  in  the  mines ; 
and,  4.  That  a cubic  yard  of  coal  is  equal  to  1 ton 
or  20  cwt.  according  to  the  experiment  of  Dr 
Watson, 


i 


OF  BRITAIN. 

267 

The  consumption  of  coal  in  London 

is  estimated 

London  Chald. 

at  - - 

900,000 

Coastwise 

700,000 

Foreign  consumption 

250,000 

Consumed  at  Newcastle,  Shields,  and 

Sunderland 

450,000 

Total  annual  consumption  of  coal  from 

? 2,300,000 

the  rivers  Tyne  and  Wear 

c 

The  number  of  tons  in  the  above  quantity,  tak- 
ing the  chaldron  at  27  cwt.  is  3,100,000,  and  as  a 
ton  weight  of  coal  occupies  in  the  earth  the  Space 
of  one  cubic  yard,  the  number  of  entire  yards  in 
the  square  mile,  amounts  to  - 3,097,600 


The  beds  or  seams  of  coal  being  taken 
on  an  average  at  44  feet  in  thick- 
ness, increases  the  above  number  of 
entire  yards  in  the  square  mile,  by 
half  the  number  of  square  yards,  to  1,548,800 


And  hence  the  square  mile  contains 
of  cubic  yards,  or  tons  of  coal, 
Deduct  one  sixth  for  pillars,  waste,  ckc. 


4,646,400 

700,833 


Tons  of  coal  obtained  form  a square} 
mile  . l 3,945,567 

I 

From  the  above  calculation,  it  appears  that  a 
square  mile  is  sufficient  for  the  consumption  of 
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l^th  year ; and  taking  the  area  as  already  stated 
at  20  miles  long  and  15  broad,  amounting  to  300 
square  miles,  there  is  a source  of  consumption  for 
300  years. 

The  above  statement  of  the  probable  duration 
of  coal  in  the  counties  of  Northumberland  and 
Durham  is  given  according  to  the  data  laid  down 
by  Dr  Macnab,  in  his  Treatise  on  the  Coal 
Trade ; but  it  must  be  observed,  that  although 
the  district  of  coal  may  be  estimated  at  300  square 
miles,  yet  as  a considerable  part  has  been  wrought 
out,  and  no  account  of  this  taken,  the  calculation 
must  turn  out  erroneous ; and  if  to  this  be  added 
the  increase  of  the  annual  consumption,  which 
there  is  good  reason  to  think  may  be  considerable, 
the  period  in  which  the  whole  coal  of  this  district 
will  be  consumed  must  be  greatly  abridged.  Ac- 
cording to  other  calculations,  indeed,  the  extent  of 
the  coal  district  in  Northumberland  and  Durham 
is  estimated  at  25  miles  long  and  8 broad,  mak- 
ing the  superficial  extent  only  200  miles.  But 
the  calculation  alluded  to  proceeds  on  the  suppo- 
sition that  the  whole  mass  of  coal  in  that  extent 
may  be  estimated  at  3 yards  thick ; in  which  case 
the  duration  of  the  coal,  at  the  same  annual  con- 
sumption, will  be  400  years. 

Of  the  calculations  now  referred  to,  it  may  be 
observed,  that  they  are  to  be  considered  only  as 
an  approximation  to  a precise  statement  of  the 
quantity  and  consumpt  of  this  valuable  mineral. 
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It  is  hoped,  however,  that  they  may  prove  the 
means  of  exciting  farther  investigation  into  a sub- 
ject which  is  so  closely  connected  with  some  of 
the  fundamental  resources  of  a nation  which  de- 
pends so  much  on  its  trade  and  manufactures  ; 
and  may  perhaps  also  be  the  means  of  economising 
tins  necessary  fuel,  not  only  in  conducting  the 
mining  operations  to  obtain  it,  but  also  in  the  ma- 
nagement of  the  numerous  processes  of  art  to  which 
it  is  applied. 

Whitehaven  Coal . — This  coal  lies  on  the  west  side 
of  England,  in  the  county  of  Cumberland,  and 
the  valuable  property  of  land  which  contains  it 
came  into  the  possession  of  the  Lowther  family  in 
the  year  1666,  by  a grant  of  Charles  II.  The  in- 
clination or  dip  of  this  coal  is  nearly  to  the  west, 
and  is  equal  to  about  1 yard  in  10.  The  strata 
are  frequently  interrupted  by  dykes  and  fissures, 
running  fiom  east  to  west  nearly,  and  producing 
dislocations  to  the  extent  of  120  feet.  In  a depth 
from  the  surface  of  1 60  fathoms,  there  are  7 large 
beds  of  coal,  beside  18  thin  beds,  which  are  not 
worth  the  expence  of  working.  The  nature  and 
thickness  of  the  different  strata,  with  the  thickness 
of  the  different  seams  of  coal,  may  be  seen  by  con- 
sulting Table  I.  in  the  former  section. 

fhe  ^ecl>  oi  coal  which  have  been  worked  at 
Whitehaven,  as  already  noticed,  are  7 in  number; 
viz.  1.  Crowband.  2.  Little  band.  3.  Yard  band. 
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4.  Baqnock  band.  5.  Main,  or  prior  band.  6. 
Two  feet  band.  7.  Six  quarters  band. 

Two  coaleries  have  been  established  on  the 
mining  field  in  the  vicinity  of  Whitehaven.  1 he 
situation  of  the  Howgill  coalery  is  on  the  west 
side  of  the  town.  It  extends  to  the  southward 
24.  miles.  The  breadth  is  about  14  mile,  part  of 
which  runs  under  the  sea  for  the  space  of  900 
yards,  thus  making  an  area  of  2300  acres.  To  the 
south  and  south-west,  it  is  said,  a more  valuable 
field  of  coal  still  remains  to  be  explored.  The 
coal  in  this  field  is  wrought  from  the  depth  of  40 
fathoms  to  above  100 ; and  in  one  pit,  in  which 
the  sixth  bed  of  coal  is  wrought,  to  the  extraordi- 
nary depth  of  149  fathoms.  This  latter  is  sup- 
posed to  be  the  deepest  coal-pit  in  Britain. 

The  other  coalery  established  on  this  mining 
district  is  situated  on  the  north-east  side  of  White- 
haven. It  extends  in  length,  from  west  to  north- 
east, above  3000  yards,  and  inbieadth,  from  south 
to  north-west,  more  than  2800  yards.  The  prin- 
cipal beds  of  coal  in  this  part  of  the  field  are  the 
4th,  5th,  and  7th.  The  4th  bed,  which  has  not 
yet  been  worked,  is  6 feet  in  thickness.  The 
coal  in  the  5th  bed  is  from  9 to  10  feet  thick,  and 
is  17  fathoms  deeper  than  the  4th  bed  \ the  thick- 
ness of  the  7th  is  from  44  to  6 feet,  and  it  lies 
from  38  to  44  fathoms  below  the  4th  bed. 

The  operations  of  the  miners  have  been  often 
greatly  interrupted  in  consequence  of  the  fire 


OF  BRITAIN. 


271 


diamp,  or  hydrogen  gas  of  modern  chemistry, 
which  is  evolved  in  gieat  abundance  in  these 
mines ; and  when  its  nature  and  effects  were  less 
understood,  many  fatal  accidents  happened  in 
consequence  of  its  sudden  and  unexpected  ex- 
plosion, by  bringing  into  contact  with  it  a burn- 
ing body.  It  was  a practice  formerly  with  the 
workmen,  with  a view  to  prevent  its  accumula- 
tion, to  set  file  to  it  with  the  flame  of  a candle, 
which  was  cautiously  introduced  along  the  bottom 
oi  the  mine ; and  when  it  had  reached  the  extre- 
mity, it  was  raised  to  the  roof,  and  being  thus 
brought  into  contact  with  the  inflammable  air, 
an  explosion  took  place,  the  effects  of  which 
the  operator  avoided,  by  observing  the  precau- 
tion of  lying  prostrate  on  the  pavement  or  floor 
of  the  mine  ; but  this  method  of  dissipating  the 
fire  damp,  which  often  proved  a dangerous  ex- 
pedient, has  been  long  abandoned,  and  an  inge- 
nious invention  has  been  adopted  for  the  same 
purpose.  This  is  accomplished  by  means  of  a 
steel  wheel,  moved  by  tooth  and  pinion,  which  is 
turned  round  with  great  velocity,  and  strikes 
against  a large  piece  of  flint.  The  sparks  which 
are  produced  by  this  collision  give  sufficient  light 
to  the  workmen,  and  expose  them  to  little  or  no 
danger  *.  But  if  my  information  be  correct,  even 
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this  invention  has  been  relinquished,  and  the  fire 
damp  is  removed  from  the  mines  by  promoting 
a free  circulation  of  atmospherical  air,  and  con- 
suming the  hydrogen  gas.  The  only  hint  which 
I have  met  with  of  this  method  is  contained  in  a 
short  notice  communicated  to  a periodical  miscel- 
lany *,  in  the  following  words : “ From  a new 
system  in  airing  the  earl  of  Lonsdale’s  extensive 
coal  works  near  Whitehaven,  the  miners  have  for- 
tunately been  free  from  any  serious  accidents  for 
several  years,  although  many  new  fields  of  coal 
have  been  opened  out ; and  this  process  is  always 
deemed  a most  dangerous  part  of  the  service.  The 
hydrogen  gas,  inflammable  air,  or  dirt  as  the  work- 
men call  it,  is  now  made  useful  in  carrying  on  the 
works.  They  have  collected  a very  huge  quantity  of 
it  at  the  bottom  of  one  of  their  upcast  shafts,  (duke 
pit)  and  keep  it  constantly  burning.  The  heat  from 
it  exceeds  that  of  their  largest  coal  fires,  or  lamps 
as  they  are  called,  which  are  kept  at  the  bottom  of 
the  upcast  shafts  to  rarify  the  air  in  the  pit.  The 
speed  of  the  common  atmospheric  air,  by  burning 
the  hydrogen  gas,  is  greatly  accelerated.  It  com- 
pels it  to  travel  at  the  rate  of  more  than  four  miles 
an  hour ; whereas  common  air  courses  with  coal 
fires  at  the  upcast  shafts  seldom  more  than  three 
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miles  an  hour.  It  also  saves  the  expence  of  at- 
tendance and  coals,  which  is  very  considerable  at 
upcast  shafts.’* 

A different  method  has  been  proposed  by  Dr 
Trotter,  for  destroying  the  fire  damp  or  inflam- 
mable air  of  mines  *.  This  is  by  fumigation, 
which  is  conducted  in  the  same  way  as  that  which 
has  been  recommended  in  destroying  contagion 
and  exhalations.  The  utensils  required  for  this 
purpose  are  small  flat  stone  dishes,  made  thick, 
and  about  2 inches  deep,  wTith  a glass  funnel  for 
-introducing  the  acid  which  is  employed.  The 
ingredients  are  common  salt,  the  purer  it  is  the 
better;  oxide  of  manganese,  and  concentrated 
sulphuric  acid,  or,  as  it  is  denominated  in  com- 
mon language,  strongest  oil  of  vitriol.  The  fol- 
lowing are  the  proportions  of  the  ingredients  di- 
rected for  one  fumigation. 

Or.  drs.  grs. 

Common  bay  salt  - 3 2 10 

Black  manganese,  finely  powdered  0 5 17 
Water  - - 1 2 33 

Strong  sulphuric  acid  - i 7 50 

The  salt  and  manganese  being  pounded  to-* 
gether,  are  put  into  the  stone-ware  dish,  and  the 
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ucitei  is  poured  upon  them.  The  sulphuric  acid 

*ls  l'len  ac^ed  slowly  by  means  of  a glass  funnel. 

lliis  quantity  is  said  to  be  sufficient  for  a space  of 

1(3  teet  by  12 ; but  the  author  observes,  that  the 
• • _ * 

tepetition  of  the  fumigation  must  depend  on  the 
manner  m which  the  fire  damp  is  evolved. 

Wheie  fire  damp  is  confined  in  close  situations, 
it  is  recommended  by  the  same  author  to  surround 
the  spot  with  a number  of  vessels  giving  out  the 
gas,  and  to  open  the  door  leading  into  it  by  slow 
degrees.  The  vessels  are  then  to  be  carried  nearer 
and  nearer  till  the  whole  of  the  fire  damp  is  con- 
sumed. 

The  chemical  principle  on  which  the  process 
now  recommended  is  accounted  for,  is,  that  the 
oxygen  of  the  oxy muriatic  acid  gas  being  in  a 
loose  state  of  combination  with  the  muriatic  acid, 
separates  from  that  acid,  and  combines  with  the 
hydrogen  gas,  or  fire  damp,  and  thus  water  is 
formed ; but  in  consequence  of  the  great  quantity 
of  heat  which  is  evolved  during  the  combination 
of  the  oxygen  and  hydrogen,  the  water  is  convert- 
ed into  steam,  and  does  not  appear  under  its  more 
ordinary  liquid  form.  This,  says  the  author,  is 
the  whole  secret  of  destroying  hydrogenous  gas, 
or  fire  damp. 

Choak-damp  (carbonic  acid  gas  of  chemists) 
is  often  extremely  troublesome  in  coal  mines,  and 
not  unfrequently  proves  fatal  to  the  workmen  em- 
ployed in  them.  The  method  of  dislodging  choak- 


OF  BRITAIN. 


270 


damp,  recommended  by  the  same  author,  is  the 
following  : Water  about  the  temperature  of  40° 
is  found  to  dissolve  equal  parts  of  its  bulk  of  the 
gas ; but  as  the  temperature  of  the  water  in  a deep 
pit  is  commonly  above  50°,  it  will  not  combine 
with  more  than  two  thirds  of  its  bulk.  To  effect 
this  combination  with  water,  the  common  fire  en- 
gine, which  is  employed  in  extinguishing  fire*  is 
proposed*  The  mouth  of  the  tube  is  to  be  directed 
to  the  spot  where  the  choak-dampis  collected,  and 
such  a quantity  of  the  water  is  thrown  in  as  to  take 
up  the  whole.  For  the  purpose  of  diffusing  the 
water  more  speedily,  it  is  proposed  to  fit  up  the 
tube  in  the  manner  of  a garden  watering  pot,  so 
as  to  sprinkle  and  break  the  liquid  into  the  form 
of  a showier.  It  is  also  suggested  that  quicklime, 
which  has  a powerful  affinity  for  carbonic  acid,  or 
choak-damp,  being  mixed  with  the  water*  would 
still  more  effectually  promote  its  absorption* 

Coal  of  Staffordshire.- —The  great  abundance  of 
coal,  iron-stone,  limestone,  and  clay,  which  this 
county  affords,  together  with  the  intercourse  which 
has  been  formed  by  means  of  canals  between  the 
distant  parts  of  the  kingdom,  and  particularly 
with  the  sea-port  towns  of  Bristol,  Liverpool,  and 
Hull,  has  promoted  the  establishment  of  iron 
founderies,  forges,  and  furnaces,  and  an  immense 
variety  of  other  extensive  manufactories;  and 
hence  employment  is  given  to  a multitude  of 
workmen,  in  forging  various  kinds  of  goods,  as 
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guns,  locks,  screws,  and  nails ; of  the  latter  of  which*, 
namely  nails,  the  quantity  manufactured  in  this 
district  is  supposed  to  be  greater  than  in  any  other 
in  the  world.  To  the  great  abundance  of  the  va- 
luable materials  now  noticed,  the  towns  of  Bir- 
mingham, Dudley,  Wolverhampton,  Stourbridge, 
and  others,  owe  their  foundation  and  prosperity. 

The  tract  of  country,  says  Mr  Keir  *,  from 
whom  this  account  is  taken,  most  worthy  of  at- 
tention, is  that  which  is  distinguished  by  a bed  of 
coal  of  10  yards  thick,  and  within  the  reach  of 
human  industry  and  practical  advantage.  This 
tract  is  about  7 miles  in  length,  and  on  an  aver- 
age about  4 miles  in  breadth.  Beside  this  valu- 
able tract  of  coal,  there  are  other  thinner  beds  of 
3 or  4 feet  thick,  which  extend  northwards  over 
a space  equal  to  the  thick  bed  of  coal.  The  thin 
seams  begin  at  the  distance  of  a few  miles  from 
the  place  where  the  ten  yard  seam  crops  out;  the 
latter  has  been  traced  no  farther  in  that  direction, 
and  Mr  Keir  supposes  that  the  thin  strata  rise 
from  under  the  10  yard  bed. 

The  coal  district  of  this  country  is  characterised 
by  certain  prominent  features.  A range  of  lime- 
stone mountains  rises  on  the  northern  tract,  near 
Wolverhampton  and  Bilstone,  and  extends  south 
to  Dudley,  which  lies  on  the  slope  of  the  last  chain 
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<of  mountains.  Opposite  to  the  limestone  hills  an- 

•» 

other  range  of  mountains  rises  from  the  side  of 
Dudley,  and  proceeds  nearly  in  the  same  direc- 
tion, but  a little  more  to  the  east.  This  forms 
another  striking  feature.  This  range  of  moun- 
tains proceeds  from  Dudley  through  Rowley ; 
hence  they  are  called  Rowley  hills;  they  divide 
alterwards  into  two  branches,  and  terminate  in  a 
valley  between  Old  Bury  and  Hales-Owen.  The 
latter  range  of  mountains  is  composed  of  basaltic 
rock,  which  produces  a marked  distinction  be- 
tween it  and  the  former.  Beside  these  two  ranges, 
there  are  two  detached  hills,  which  have  an  in- 
fluence on  the  inclination  of  the  coal.  On  the  one 
stands  the  church  of  Wednesbury,  and  the  other 
is  near  the  village  of  Netherton. 

The  inclination  ot  the  coal  in  this  district  cor- 
responds with  that  of  the  limestone  strata.  The 
range  of  mountains  from  Dudley  to  Wolverhamp- 
ton consists  of  beds  of  limestone,  which  are  so 
considerably  elevated  on  each  side,  that  they  form 
a long  ridge  near  their  tops,  not  unlike  the  roof  of 
a house.  In  the  same  manner,  the  coal  and  its 
accompanying  strata,  on  the  east  and  west  of  these 
mountains,  have  the  same  inclination  as  the  neigh- 
bouring limestone  strata.  And  to  show  how  much 
this  correspondence  is  preserved,  as  the  west  side 
ol  the  range  of  limestone  hills  is  steeper  than  the 
east  side,  the  coal  on  the  west  side  is  more  in- 
clined, and  is  sooner  out  of  the  reach  of  mining 
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operations  than  the  coal  on  the  east,  where  the 
principal  coaleries  are  established.  Farther,  as 
the  limestone  hill  at  the  northern  extremity  of  the 
range  corresponds  only  with  the  general  forma- 
tion of  the  other  hills  on  the  east  side  only,  the 
coal  is  also  only  found  on  that  side. 

From  the  fact,  that  the  bed  of  coal  in  this  dis- 
trict is  not  extended  over  the  limestone  hills,  the 
author  infers,  that  it  has  been  broken  off  near 
their  base,  and  skirting  the  eastern  and  western 
sides.  In  some  places  its  termination  appears  above 
ground,  but  is  generally  covered  with  earth.  As  this 
termination,  the  author  farther  observes,  is  not  by 
gradual  diminution,  but  abrupt,  and  at  once  like 
a fracture,  we  cannot,  from  this  circumstance,  and 
from  the  corresponding  inclination  of  the  coal  and 
limestone  strata,  avoid  inferring,  that  the  same 
convulsion  which  broke  through  and  raised  the 
strata  of  limestone  into  the  form  of  mountains, 
must  have  also  broken  and  raised  the  superincum- 
bent strata,  of  which  coal  is  one;  and  that  these  strata 
bei ng  softer  than  the  rock,  were  thrown  off,  or,  having 
been  shattered,  have  long  since  been  washed  away 
with  the  Hoods,  so  that  now  no  vestige  remains  of 
this  convulsion  upon  the  hills  but  the  solid  ribs 
of  limestone  which  form  the  mountains,  and  which 
have  been  able  to  resist  the  action  of  the  air  and 
water. 

The  above  remarks,  whether  we  coincide  in 
the  opinion  of  the  author  in  considering  the  re- 
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dative  position  of  the  coal  strata  and  limestone,  as 
the  effect  of  a dislocation,  afford  another  proof  in 
confirmation  of  the  general  fact  already  stated,  of 
limestone  forming  the  boundary  of  coal.  As  the 
coal  in  approaching  the  detached  hills  of  Wed- 
nesbury  and  Netherton  preserves  the  same  incli- 
nation as  the  strata  of  those  hills,  it  is  concluded 
that  the  coal  is  cut  oft,  and  that  the  hills  are  com- 
posed of  limestone  ; but  as  the  coal  approaches  to 
the  range  of  the  Rowley  or  basaltic  hills,  it  has  been 
ascertained  that  it  does  not  crop  out  there ; but 
on  the  contrary,  as  it  is  found  at  the  foot  of  these 
hills,  at  moderate  depths,  and  on  both  sides  of  the 
range,  it  is  supposed  that  the  stratum  passes  under 
them.  This  seems  to  be  a very  probable  circum- 
stance. 


Some  varieties  of  the  coal  of  this  county  afford 
beautiful  specimens  of  iridescent  coal,  or,  as  it  is 
called,  Peacock  Coal , from  the  variety  of  colours 
exhibited  on  its  surface,  in  consequence  of  the  thin 
laminae  producing -a  refraction  of  different  rays  of 
•light. 

Coal  of  Derbyshire. — This  county,  and  particu- 
larly in  the  eastern  and  north-eastern  parts  of  it, 
contains  numerous  excellent  beds  of  coal.  The 
mature  and  thickness  of  the  strata  which  accom- 
pany the  coal,  as  well  as  the  thickness  of  the  dif- 
ferent beds  of  coal  itself,  will  be  seen  by  con- 
sulting Table  III.  in  the  foregoing  section.  The 
enumeration  of  the  strata  in  that  table  is  taken 
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from  what  was  observed  in  sinking  a pit  in  the 
eastern  part  of  the  county.  It  has  been  remarked 
of  the  strata  accompanying  the  coal  in  this  coun- 
ty, that  although  a general  resemblance  is  observ- 
ed, yet  they  are  various  and  uncertain  in  quality, 
thickness,  and  relative  position,  in  different  situa- 
ations ; and  even  in  places  not  far  distant  from 
each  other,  there  seems  to  be  no  correspondence 
in  the  order  of  their  distribution.  The  above  re- 
mark shows  that  the  coal  strata  of  this  county  do 
not  preserve  any  great  degree  of  uniformity  and 
regularity;  and  indeed  the  same  remark  is  not  in- 
applicable to  most  other  coal  districts  of  the  king- 
dom. It  may  be  added,  that  a proper  degree  of 
attention  to  this  circumstance  would,  in  many 
cases,  be  of  great  practical  utility,  by  saving  an 
immense  load  of  expence,  which  has  oiten  been 
incurred  in  sinking  pits  and  establishing  coaleries, 
in  the  expectation  that  the  strata  w'ould  continue 
equally  uniform  and  regular  as  they  have  been 
found  in  places  in  the  vicinity. 

In  the  eastern  part  of  the  county,  the  inclina- 
tion of  the  coal  strata  is  generally  to  the  east,  and 
particularly  where  they  join  the  gritstone  and  the 
limestone.  From  this  latter  circumstance,  it  would 
appear  that  limestone  also  forms  the  boundary  of 
the  coal  district  in  this  county.  On  the  western 
side  of  the  coal  district  where  the  gritstone,  ap- 
pears, it  is  stated  that  the  coal  strata  generally 
decline  from  it,  although  in  some  situations.,  it  is- 
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aaid  that  they  dip  under  the  gritstone.  But  it 
may  be  noticed  in  general,  that  the  inclination  of 
the  coal  strata  is  greatly  affected  by  numerous 
faults  or  dislocations  which  are  met  with  in  this 
county;  and  as  they  have  been  discovered  in 
many  places,  and  extend  in  almost  every  direc- 
tion, the  inclination  of  the  strata  is  very  different 
in  different  situations. 

A peculiar  position  of  the  strata  has  been  ob- 
served at  Chesterfield  and  Heanor  in  this  county. 
They  dip  for  a considerable  space  towards  one 
common  centre,  and  by  this  disposition  form  a 
kind  of  basin  or  deep  circular  figure.  In  the 
southern  part  of  the  county,  there  are  two  small 
coal  districts  from  which  coal  has  been  obtained; 
the  one  is  situated  at  Newhall,  and  the  other  at 
Measham.  At  Newhall  the  strata  decline  chiefly  to 
the  south ; but  they  dip  also  from  the  north,  east, 
and  w'est,  towards  one  common  point.  The  coal 
has  been  found  cropping  out  at  Newhall  park,  to 
the  west,  about  500  yards  from  Brislincote-hali 
to  the  north,  and  to  the  east  near  Swadlincote,  at 
a small  distance  from  the  turnpike  road  which  lies 
between  Ashby  and  Burton.  The  extent  of  ground 
which  is  included  in  this  coal  district  is  about  half 
a mile  from  the  place  where  the  coal  crops  out  on 
the  north  to  its  most  southern  dip;  and  the  places 
v/here  it  crops  out  on  the  east  and  v^est  are  about 
i mile  distant  from  each  other. 
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The  other  coal  district  noticed  above  is  at  Mea~ 
sham,  and  the  portion  of  the  strata  is  the  reverse  of 
the  former;  for  they  dip  from  the  south,  east, 
and  west,  towards  one  common  point.  The  crop 
•edge  of  the  coal  is  seen  on  the  west  side,  beyond 
the  village  of  Oakerthorpe,  on  the  east  side  near  to 
Wilsley,  and  on  the  south  side  about  the  distance 
of  half  a mile  from  Swebstone. 

Coal  is  found  also  at  Chinley  hills  near  Chapel- 
•de-Frith,  and  the  strata  are  observed  to  dip  in 
opposite  directions  on  the  different  sides  of  the 
hill.  In  that  part  which  contains  coal  the  incli- 
nation is  to  the  west,  and  on  the  opposite  side  it 
•follows  the  declination  of  the  hill  to  the  east. 
•Coal  has  been  discovered  also  to  the  south-west  of 
Buxton  ; and  it  is  supposed  that  the  strata  incline 
to  the  west,  and  that  the  -coal  is  at  no  great  depth. 

The  thickness  of  the  beds  of  coal  which  have 
'been  wrought  in  this  county  is  from  2 feet,  to 
5,  6,  7,  and  even  10  feet,  as  at  Newhall ; and  the 
lowest  of  these  is  found  at  the  depth  of  from  35 
to  40  fathoms  *. 

It  appears  from  a grant  which  was  made  by 
Thomas  de  Chaworth,  lord  of  Alfreton,  to  the 
monks  of  Beauchief  abbey,  that  coal  was  wrought 
in  Derbyshire  so  early  as  the  reign  of  Edward  II. 
for  bv  this  grant  permission  was  given  to  the 
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monks  to  supply  themselves  with  that  mineral  in 
any  quantity  they  thought  proper,  from  the  liber- 
ties of  Norton  and  Alfreton. 

Coal  of  Gloucestershire . — From  the  description 
which  is  given  of  the  coal  of  this  county,  it  ap- 
pears that  it  is  also  bounded  by  a range  of  lime- 
stone rocks.  These  rocks  begin  at  CromhalJ,  and, 
expanding  on  each  side,  meet  again  in  Somer- 
setshire, thus  giving  to  the  district  which  they  in- 
clude an  elliptical  form.  Coal  is  found  every 
where  within  this  district,  but  it  is  most  abundant, 
and  most  accessible  in  the  forests  of  Dean  and 
Kingswood;  from  the  latter  of  which  the  consumpt 
of  the  city  and  neighbourhood  of  Bristol,  both  for 
domestic  and  manufacturing  purposes,  derives  its 
chief  supply.  Not  fewer  than  120  pits  are  wrought 
in  the  forest  of  Dean  ; and  in  the  parish  of  Wes- 
terleigh,  particularly  at  Coal-pit  Heath,  very  ex- 
tensive operations  in  the  coal  mines  are  carried 
on. 

The  inclination  of  the  strata  of  coal  of  this 
county  is  to  the  east,  and  it  dips  about  1 foot  in 
25.  Ihe  beds  of  coal  vary  in  thickness  from  2 
to  5 feet ; the  depth  of  the  pits  'is  generally  from 
30  to  40  fathoms,  and  the  deepest  do  not  exceed 
00  fathoms.  The  coal,  it  is  said,  has  not  been 
wrought  to  a greater  depth,  as  the  usual  methods 
of  freeing  coal  mines  from  water  by  means  of 
paachinery,  and  particularly  by  the  improved  steam 
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engine,  are  scarcely  known  in  this  part  of  the 
country  *. 

Coal  of  Shropshire. — According  to  the  mineralo- 
gical  sketch  f of  Shropshire,  from  which  the  fol- 
lowing account  of  the  coal  is  taken,  that  county 
admits  of  a natural  division  into  the  flat  and  the 
hilly,  which  is  pretty  distinctly  marked  by  the 
course  of  the  river  Severn.  The  northern  part  of 
the  county,  from  the  Severn  at  Shrewsbury  to  the 
confines  of  Cheshire  in  the  north,  and  from  Dray- 
ton on  the  borders  of  Staffordshire  in  the  east,  to- 
wards Oswestray  on  the  borders  of  Wales  on  the 
west,  it  is  flat,  varied  only  by  gentle  swells,  and 
here  and  there  some  naked  rocks ; but  on  the 
other  side  of  the  Severn  from  Shrewsbury  to  Lud- 
low on  the  south,  and  from  Bridge-north  on  the 
east  to  the  borders  of  Montgomery  on  the  west,  it 
presents  a mountainous  aspect.  The  prevailing- 
rocks  in  the  flat  district  are  composed  of  sand- 
stone, which  appears  on  the  surface  in  different 
places.  A range  of  limestone  rocks  begins  at. 
Llanymynich,  near  the  confines  of  Montgomery- 
shire ; the  strata  rise  towards  the  Welch  moun- 
tains, and  in  some  places  to  a considerable  height. 

At  Oswestry  the  country  rises  towards  the  north- 
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west,  and  near  it  there  is  a coarse  grained  sand- 
stone, different  from  that  found  in  the  flat  coun- 
try, and  reposing  on  limestone,  which  latter  forms 
a precipitous  range  of  rocks,  facing  the  Welch 
hills  on  the  north-west.  Two  or  three  miles  to  ths 
south-west  are  situated  the  coaleries  of  Llwyny- 
main  and  some  others,  the  strata  of  which  are  sup- 
posed to  rest  on  the  above  coarse  grained  sand- 
stone ; and  it  is  observed  that  the  argillaceous  and 
sandstone  strata  which  accompany  the  coal,  are. 
marked  with  numerous  vegetable  impressions. 

The  wrekin,  which  seems  to  be  composed  of 
green-stone,  sandstone,  and  a rock  having  the  ap- 
pearance of  a breccia,  is  about  10  miles  from  Shrews- 
bury, and  rises  from  the  plain  near  the  banks  of  the 
Severn,  forming  a ridge  of  two  miles  in  length,  in 
a north-east  and  south-west  direction.  On  the  east 
side  of  this  mountain  lies  the  coal  district  of  Coal- 
brook  Dale.  This  district  is  about  8 miles  long  and 
2 broad,  and  runs,  in  a north-east  and  south-west 
direction  nearly  parallel  with  the  mountain.  The 
whole  of  this  district  is  considerably  above  the 
level  of  the  plain  of  Shropshire  ; but  the  southern 
pait  oi  it  is,  in  some  places,  not  less-  than  500  feet 
higher  than  the  surface  of  the  Severn.  The  in- 
clination of  the  strata  is  various.  In  some  places 
it  dips  to  the  east,  and  in  others  to  the  south  and 
south-west,  about  1 ydrd  in  10.  The  coal  of  this 
district,  with  its  concomitant  strata,  reposes  on  dye 
earth  and  basalt.  The  former  is  on  the  east  side 
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and  the  latter  on  the  west.  The  dye  earth  is  a stra- 
tified mass,  which  in  the  neighbourhood  of  Coal- 
brook  Dale  is  at  least  100  yards  thick,  and  con- 
tains petrifactions  of  shells.  It  is  composed  of 
more  than  one  half  of  argillaceous  earth,  above 
one  fourth  of  lime,  and  a smaller  proportion  of 
siliceous  earth  ; but  in  other  places,  it  would  ap- 
pear that  the  coal  strata  are  supported  by  lime- 
stone. 

The  coal  of  this  district  is  wrought  to  the  depth 
of  90  fathoms,  and  no  fewer  than  15  or  ] 6 beds 
of  coal,  from  a few  inches  to  6 feet  in  thickness, 
have  been  discovered  in  this  depth.  In  the  enu- 
meration of  the  strata  included  in  the  depth  now 
mentioned,  the  lowest  bed  of  coal,  called  the  little 
flint  coal,  is  2 feet  thick,  and  lies  on  a fine  grain- 
ed white  sandstone,  which  is  from  10  to  45  feet 
in  thickness.  This  latter  is  succeeded  by  the  dye 
earth,  basalt,  or  limestone. 

But  the  coal  district  of  this  part  of  the  county 
does  not  preserve  the  same  degree  of  uniformity 
through  its  whole  extent.  In  several  places  the 
strata  have  undergone  considerable  dislocations  * 
and  in  particular  two  of  these,  which  run  nearly 
north-east  and  south-w^est,  have  deranged  the  stra- 
ta, and  produced  a depression  on  the  east  and  west 
sides,  by  which  the  corresponding  strata  are  from 
100  to  200  yards  lower  than  in  the  middle.  The 
elevated  middle  district,  “which,  however,  does  not 
appear  on  the  surface,  is  above  7 miles  long,  and 
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varies  fron  1 to  2 miles  in  breadth,  presenting  the 
greatest  facility  when  working  the  mines,  affords 
the  greatest  abundance  of  coal  and  iron-stone. 
The  depression  of  the  strata  is  locally  denominat- 
ed a swamp.  Beside  the  principal  dislocations 
now  noticed,  there  are  some  disturbances  in  the 
middle  district,  which  have  produced  depressions 
of  the  strata  to  the  extent  of  50  or  60  yards.  In 
the  distuct  of  Coalbrook  Dale,  it  is  said,  260,000 
tons  of  coal  are  raised  annually. 

But  coal  is  found  also  in  other  parts  of  Shrop- 
shire. Near  Darnford,  a very  small  vein  of  coal 
was  discovered,  which,  the  author  observes,  is 
ieally  a vein,  and  not  a thin  bed  or  stratum  *.  It 
was  scarcely  an  inch  thick.  This  circumstance 
of  the  distribution  of  coal  in  veins  was  formerlv 
noticed  as  a rare  occurrence. 

Eight  or  nine  miles  south  of  Shrewsbury,  in  a 
valley  formed  by  the  Longment,  and  the  Lawley 
and  Caradoc  lulls,  coal  has  been  wrought.  This 
coal  is  accompanied  by  limestone,  which  is  4 or 

5 feet  thick>  covered  by  60  feet  of  argillaceous 
strata,  and  separated  from  the  coal  by  30  feet  of 

the  same  kind  of  strata.  The  coal  is  about  a yard 

thick,  and  it  is  said  is  chiefly  employed  for  burn- 

ing  imestone;  from  which  circumstance  it  may  be 

U1  errec*  l^at  it  is  of  an  inferior  quality ; and  in. 


* Townson’s  Tracts,  p,  187, 
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deed  this  is  most  generally  the  case  with  all  the 
coal  in  the  vicinity  of  limestone. 

In  another  part  of  this  county,  there  are  two 
coal  districts,  which  are  situated  in  the  Brownclee 
hill  and  the  Titterstonclee  hill,  the  latter  of  which 
is  3 or  4 miles  south  from  the  former.  They  are 
flat  topped  hills,  and  are  the  highest  in  Shrop- 
shire. They  are  about  5 or  6 miles  in  length,  and 
about  2 or  3 in  breadth ; both  contain  coal  and 
iron-stone,  which  in  both  are  in  some  parts  cover- 
ed by  a thick  bed  of  basalt,  which  forms  two  irre- 
gular and  more  elevated  ridges  than  the  other 
parts  of  the  hill.  The  strata  in  both  dip  from  the 
circumference  to  the  centre ; but  in  the  Brown- 
clee hill  the  strata  are  thin,  while  the  principal 
bed  of  coal  in  the  Titterston  is  6 feet  thick. 

Titterstonclee  hill  contains  6 different  coal 
fields,  which  exhibit  a considerable  diversity  in  the 
• ' extent  and  thickness  of  the  strata.  These  different 
coal  fields  dip  from  the  circumference  to  the  cen- 
tre of  each,  thus  forming  so  many  basins.  The 
most  extensive  and  valuable  of  these  fields  is  call- 
ed Cornbrook,  and  is  about  a mile  in  length,  and 
half  a mile  in  breadth.  It  is  remarkable  for  hav- 
ing a thick  bed  of  basalt,  which  lies  above  the 

coal.  . , .,  . 

In  the  following  tables,  the  distribution,  names, 

and  thickness  of  the  strata,  in  two  different  places 
of  this  field,  will  be  seen. 
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Strata  found  in  sinking  the  deep  Tit  in  the  Southern 

Fart  of  the  Hill. 

Yards.  Feet. 

Earth  and  sandstone  rock  - 10  14 

Basalt*  called  Jew-stone  - 64  14 

Sandstone,  rock,  bind*  clunch,  and  coal 

roof.  Dry  clays  - _ 23  0 

The  great  coal  - . 2 0 

Goal  bottom  and  iron-stone.  Dry  clays  1 1 

Iron-stone  measure.  A dry  clay  - 1 qt 

Three  quarter  coal  - - 0 1 1 

Glumper.  Hard  dry  clay  - 2 0 

Smith’s  coal  - - - I 2 

Smith  coal  bottom.  Dry  clay  to  the 

four  feet  coal  rock  - - 0 2 


104  10 

Strata  in  the  Water  Pit  one  Quarter  of  a Mile  to  the 
North-east  of  the  former . 

Yards.  Feet. 

Basalt  - . - 48  0 

Brown  and  white  clunch.  Dry  clay  Q 0 

Red  rock.  A yellowish  sandstone  q q 

Bind  and  clunch  - _ 9 0 

Penny  iron-stone  measure.  Dry  clay  1 0 

Clunch.  Dry  clay  _ _ 3 0 

Brown  rock.  A yellowish  sandstone  (j  0 

Tuff  (plastic  clay)  and  sand  - 1 0 

Carry  over  0 

T 
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, Brought  aver  83 

Black  bind.  A dry  clay  - 4 

Black  coarse  sandstone  - 5 

Stong  clay  1 

Ho  rse  flesh  earth.  A variegated  red 
and  white  marl  6 

G’ay  sandstone  6 

Bind.  A dry  clay  2 

Great  coal  rock.  A whitish  sandstone  6 

Coal  roof.  Dry  clay  - 3 

Great  coal  2 

Coal  bottom,  pounsin.  A dry  clay  1 

Iron-stone  roof  and  measure.  A dry 
clay  1 

Three  quarter  coal  and  bass  - 0 

Clumper.  A hard  dry  clay  - 3 


Smith’s  coal,  and  clod  in  it 
Strong  clunch.  Dry  clay 
Flan  and  bass.  Hard  dry  clay 
Strong  clunch.  Dry  clay 
Four  feet  coal  and  bass 
Strong  brown  clunch.  Dry  clay 
Sunk  into  the  four  feet  coal  rock 


Feet. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 
1 
2 
0 
2 

* 0 
0 
0 
1 
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The  Newbury  coal  field  at  the  south  end  of  the 
hill  is'  half  a mile  long  by  a quarter  of  a mile 
broad.  The  number  of  beds  of  coal  is  the  same 
as  in  the  preceding,  but  they  are  always  about 
one  third  thicker.  No  basalt  is  found  in  this  coal 


OF  BRITAIN. 


29 1 

field;  and  in  the  other  small  fields  in  this  hill,  the 
basalt  is  also  wanting,  and  the  bed  of  coal  is  only 
from  18  to  30  inches  in  thickness.  It  has  been 
conjectured  that  the  basalt  lies  under  the  coal  at 
the  Hill  Work  coal  field,  which  is  one  of  the  six  in 
the  Titterston  Glee  hill.  This  coal  field  lies  upon 
the  Cornbrook  coal  field,  or  is  surrounded  by  it ; 
for  when  the  coal  of  the  Litter  is  cat  off  by  a fault 
in  the  neighbourhood  of  the  former,  the  miners, 
m carrying  on  their  operations  in  that  direction, 
always  meet  with  basalt. 

Coal  of  South  Wales. — The  coal  of  South  Wales 
is  deposited  in  the  form  of  a basin,  in  the  coun- 
ties ol  Monmouth,  Glamorgan,  Brecon,  Caermar- 
then,  and  Pembroke.  Of  this  coal  an  excellent  des- 
cnption,  equally  remarkable  for  its  perspicuity, 
precision,  and  brevity,  has  been  drawn  up  by  Mr 
Martin  * From  this  description  the  following  ac- 
count is  extracted. 

The  coal  strata  now  alluded  to  are  deposited  in 
a limestone  basin,  the  length  of  which  is  upwards 
of  100  miles,  and  the  average  breadth  in  Pem- 
brokeshire is  from  3 to  5 miles  only ; but  in  the 
other  counties  which  it  traverses,  the  breadth  is 
from  18  to  20  miles.  The  limestone  which  forms 
the  boundary  ol  this  coal  is  seen  on  the  surface 
m the  counties  of  Monmouth,  Glamorgan,  Caer- 


Philosophical  Transactions,  i8c6.  p.  342. 
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marthen,  and,  in  Mr  Martin’s  opinion,  no  doubt 
can  be  entertained  of  its  continuation  from  New- 
ton across  Swansea  bay  to  the  Mumbles,  and  from 
Llanmaddock  hill  across  Caermarthen  bay  to  Ten- 
by. It  appears  also  on  the  surface  on  the  south 
side  of  the  basin  in  Pembrokeshire,  at  Tenby, 
Ivy  Tower,  Cochelard,  Bitchurch,  Williamston, 
Lawrinny,  and  Johnston ; and  on  the  north  side 
of  the  basin,  in  the  same  county,  it  is  seen  at 
Templeton,  Picton,  and  Persfield.  Mr  Martin 
adds,  that  it  certainly  forms  an  underground  con- 
nexion from  point  to  point.  The  greatest  portion 
of  this  mineral  basin  is  situated  in  Glamorgan- 
shire ; Monmouthshire  includes  the  next  in  point 
of  quantity  ; Caermarthenshire  the  next ; Pem- 
brokeshire the  next,  and  Brecknockshire  possesses 
the  least  of  all.  This  will  appear  by  inspecting 
the  map,  and  tracing  the  outlines  of  the  mineral 
basin,  which  is  of  an  irregular  elliptical  form,  and 
considerably  protracted  and  narrowed  to  the  west. 

The  northern  boundary  begins  at  Clydach,  a 
little  to  the  west  of  Abergavenny,  and  stretching 
through  the  forest  of  Brecon,  passes  by  Cnbbath, 
the  Black  mountain,  Llanbidie;  from  which  lat- 
ter place  it  runs  nearly  in  a south-west  direction  to 
Kidwelly,  and  from  this  it  stretches  in  a westerly 
course  across  Caermarthen  bay  to  Templeton, 
Picton,  and  Persfield,  till  it  reaches  St  Bride’s  bay. 
The  southern  boundary  may  be  traced  from  Pon- 
typool  by  Risen,  Llantrissent,  Marg.am,  across 
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Swansea  bay  to  the  Mumbles,  and  from  thence 
to  Llanmaddock  hill,  from  which  latter  place  it 
stretches  across  Caermarthen  bay  to  Tenby,  and 
continues  its  course  by  Ivy  Tower,  Williamston, 
Lawrinny,  Johnston,  &c.  to  St  Bride’s  bay. 

To  form  a distinct  notion  of  the  inclination  of 
the  strata  in  this  district,  an  imaginary  line  may 
be  drawn  in  an  east  and  west  direction  through 
the  middle  of  the  basin  ; and  on  the  north  side 
of  this  line  all  the  strata  have  a gradual  ascent  to 
the  northward.  On  the  south  side  of  the  line 
they  rise  to  the  southward  till  they  reach  the 
surface.  The  strata  in  the  neighbourhood  of 
Pontypool  must  be  excepted  from  this  general 
position,  because  there  they  rise  to  the  eastward. 
From  this  account  of  the  inclination  of  the  strata, 
it  is  obvious  that  the  depth  of  the  different  beds  of 
coal  from  the  surface  must  depend  on  their  re- 
spective local  situations.  The  deepest  part  of  the 
basin  is  between  Neath  in  Glamorganshire  and 
Llanelly  in  Caermarthenshire  ; and  here  the  ex- 
tent of  the  upper  stratum  of  coal  is  not  more  than 
a mile  from  north  to  south,  and  but  a few  miles 
in  an  east  and  west  direction.  Its  greatest  depth 
does  not  exceed  50  or  (50  fathoms,  d he  next  stratum 
of  coal,  and  those  likewise  beneath  it,  lie  deeper, 
and  extend  farther,  both  in  length  and  breadth, 
and  the  lowest,  which  are  accompanied  by  parallel 
strata  of  iron  ore,  of  the  latter  of  which  16  have 
been  discovered  in  some  places,  occupy  the  whole 
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space  between  Llanmaddock  hill,  near  the  en- 
trance ot  Burry  river  on  the  south  side  of  the 
basin  to  Llanbidie ; from  the  Mumbles  to  Crib- 
bath  ; from  Newton  Down  to  Penderryn ; from 
Castle  Coch  to  Castle  Morlais;  and  from  Risca  to 
Llangattock  ; and  stretching  in  length  on  the 
south  side  of  the  basin  from  Pontypool  through 
Risca,  Llantrissent,  Margam,  and  across  Swansea 
bay  to  Llanmaddock  hill ; and  on  the  north  side 
through  Blaenafon,  Sirhowy,  Aberdare,  Llan- 
bidie, and  the  Great  mountain,  to  Pembrey  hill 
near  Llanelly  in  Caermarthenshire.  The  depths 
of  these  beds  of  coal,  at  the  centre  range  of  the 
strata,  are  from  6’00  to  700  fathoms. 

The  strata  of  coal  which  extend  from  Pembrey 
hill  through  the  bay  of  Caermarthen  and  Pem- 
brokeshire, are  considered  only  as  a continuation 
of  the  strata  in  the  counties  of  Glamorgan  and 
Caermarthen,  which  lie  next  to,  and  parallel  with 
the  north  side  of  the  basin,  all  the  remaining 
strata  rising  southward;  and  the  middle  ranges  on 
the  norih  side  of  the  basin  are  lost  somewhere 
between  the  place  w7here  they  meet  the  sea  near 
Llanmaddock  hill  and  the  south  side  of  Pembrey 
hill,  in  their  course  towards  Pembrokeshire ; in 
consequence,  it  is  supposed,  of  the  sides  of  the 
mineral  basin  being  contracted,  or  rather  by  its 
becoming  shallower  ; for  it  is  observed,  that  in 
Pembrokeshire  none  of  the  strata  of  coal  exceed 
80  or  100  fathoms  in  depth,  and  consequently  all 
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those  which  do  not  lie  more  than  500  or  600 
fathoms  deep  in  Glamorganshire  and  Caermarthen- 
shire  have  not  reached  this  county ; because,  it  is 
added,  the  depth  and  width  of  the  basin  have  not 
been  sufficient  to  hold  them. 

There  is  a very  remarkable  difference  in  the 
quality  of  the  coal  in  different  parts  of  the  mine- 
ral basin.  The  strata  of  coal  at  the  east  end  of 
the  basin,  extending  from  Pontypool  to  Blaena- 
fon  and  Clydach,  and  from  thence  to  Nanly  Glo, 
Sirhowy,  Tredegar,  Romney,  Penderryn,  Cy- 
farthfa,  Aberdare,  and  Hurwain  furnaces  and  iron 
works,  are  of  a coaking  quality  ; but  from  the  last 
mentioned  place,  the  whole  of  the  coal  to  St 
Bride’s  bay  are  of  a different  quality,  and  are 
known  by  the  name  of  stone  coal,  or  blind  coal ; 
I suppose  from  the  use  to  which  it  is  applied, 
the  large  being  used  for  drying  malt  and  hops, 
and  the  small  for  burning  limestone.  The  strata 
of  coal  on  the  south  side  of  the  basin,  extending 
from  Pontypool  through  Risca,  Llantrissent,  to 
Llanelly  and  the  south  side  of  Pembrey  hill,  are 
chiefly  of  a bituminous  and  binding  quality. 

The  beds  of  coal  in  Glamorganshire  have  not 
been  wrought  to  a greater  depth  than  about  80 
fathoms ; and  here,  as  well  as  in  Monmouthshire, 
the  water  is  carried  off  by  means  of  levels  or  ho- 
rizontal drifts,  the  construction  of  which  is  great- 
ly facilitated  by  the  deep  valleys,  which  generally 
run  in  a north  and  south  direction,  and  thus  tra- 
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verse  the  range  of  the  coal  strata ; so  that  this 
valuable  mineral  is  accessible  without  the  expence 

of  deep  pits  and  powerful  machinery  to  carry  off 
the  water. 

The  regular  course  of  the  coal  in  this  district 
is  frequently  deranged  by  knots,  dykes,  or  faults. 
These  irregularities  are  not  limited  to  the  edges  of 
the  strata,  but  take  grand  ranges  through  the  in- 
terior of  the  basin,  generally  in  a north  and  south 
direction ; and  often  produce  dislocations  of  the 
whole  strata  for  hundreds  of  acres  together,  to  the 
extent  of  40,  60,  80,  and  even  100  fathoms.  One 
oi  the  most  remarkable  of  these  dislocations  is  seen 
at  Cribbath,  on  the  north  side  of  the  basin,  where 
the  strata  of  limestone  are  in  an  erect  position ; 
and  there  is  another  of  very  considerable  magni- 
tude between  Ystradvellte  and  Penderryn,  where 
all  the  strata  on  the  north  side  of  the  basin  are 
displaced  many  hundreds  of  yards  to  the  south- 
ward. This  dislocation  is  seen  at  Dinas. 

This  district  contains  12  veins  or  beds  of  coal, 
which  are  from  3 to  g feet  thick.  All  these  beds 
taken  together  amount  to  70-i-  feet  of  coal.  Be- 
side  these,  there  are  11  more  from  18  inches  to  3 
feet,  which  taken  together  make  244  feet,  and 
added  to  the  former,  make  the  whole  thickness  of 
the  coal  in  the  district  C)5  feet ; and  beside  these, 
there  are  some  smaller  veins  from  6 to  18  inches 
in  thickness,  which  are  not  included  in  the  cal- 
culation. The  average  length  and  breadth  of 
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the  mineral  district  now  described  being  taken, 
the  extent  will  be  found  to  be  about  1000  square 
miles,  containing  95  feet  of  coal  in  23  distinct 
strata,  and  these  will  produce,  in  the  ordinary  way 

ot  working  100,000  tons  per  acre,  or  6^,000,000 
tons  per  square  mile. 

Eovey  Coal, — 3 his  coal,  which  is  met  with  in  an 
extensive  flat  called  Bovey  Heathfleld,  near  Exeter 
in  Devonshire,  from  which  it  derives  its  name, 
affords  an  excellent  example  of  the  existence  of 
that  mineral  in  alluvial  land.  The  Bovey  coal,  it 
may  be  observed,  is  the  compact  carbonated  wood 
of  Kir  wan,  and  the  common  brown  coal  of  other 
mineralogists.  The  flat  in  which  this  coal  is 
found,  is  supposed  to  be  lower  than  the  level  of 
the  sea,  for  it  seems  to  have  been  formerly  co- 
vered by  the  tide.  The  strata  of  coal  extend  Q 
miles  to  the  southward,  running  through  the 
Heathfleld  by  Newton  marches  to  Abbots  Kers- 
well.  They  generally  lie  to  the  west  of  the  beds 
ot  potter’s  clay,  which  are  distributed  through  va 
rious  parts  of  the  Heathfleld ; and  sometimes  the 
strata  of  coal  traverse  the  beds  of  clay.  The  up- 
permost stratum  of  coal  comes  within  a foot  of  the 
surface,  and  is  only  covered  by  a bed  of  whitish 
sand  intermixed  with  clay.  The  inclination  of 
t i»  stratum  is  to  the  south.  It  dips  about  20 
inches  in  a fathom.  The  whole  depth  of  the 
strata  of  coal  hitherto  discovered,  and  including 
the  beds  of  clay  with  which  they  alternate,  is 
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about  70  feet.  The  thickness  of  the  strata  of  coal 
near  the  surface  is  from  18  inches  to  4 feet,  an^ 
they  are  separated  from  each  other  by  beds  of  a 
brownish  clay,  which  latter  are  nearly  of  the  same 
thickness  ; but  they  diminish  in  going  downward, 
while  the  beds  of  coal  become  thicker  in  propor- 
tion. It  is  observed  too,  that  both  the  clay  and  the 
coal  become  more  compact  and  solid  as  they  be- 
come deeper.  The  deepest  bed  of  coal  is  16  feet 
thick.  It  reposes  on  a bed  of  clay,  which  is  suc- 
ceeded by  a sharp  green  sand,  not  unlike  sea 
sand,  17  feet  thick.  From  the  thick  bed  of  sand 
there  issues  a warm  spring  of  water,  of  a greenish 
colour,  which  is  said  to  be  impregnated  with  sul- 
phur and  vitriol  (copperas  or  sulphate  of  iron). 
Some  of  the  beds  of  clay  with  which  the  beds  of 
coal  alternate,  contain  thin  seams  of  the  same  mi- 
neral. The  coal  which  is  dug  out  for  the  purposes 
of  fuel,  is  obtained  from  an  extensive  open  mine  at 
the  west  end  of  South  Bovey  town.  The  oe scent 
to  this  mine  is  so  easy,  that  horses  are  employed 

to  bring  up  the  produce. 

The  different  beds  of  the  Bovey  coal  exhibit  a 
general  resemblance  in  their  substance  and  qua- 
lity ; but  at  the  same  time  there  is  some  diversity 
in  colour,  form,  and  texture,  of  the  different  veins. 
That  part  of  the  coal  which  is  in  contact  with  the 
clay  is  of  a dark  brown  colour,  and  appears  like 
a mass  of  coal  and  earth  mixed.  Others  are  of  a 
laminated  texture,  the  laminae  running  in  an  ob- 
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iique  and  undulating  manner,  and  having  a strong 
resemblance  to  the  roots  of  trees.  Other  beds  of 
this  coal,  particularly  those  in  the  centre  of  the 
strata,  and  in  the  lowest  and  thickest  bed,  are  of 
a black  colour,  and  almost  as  heavy  as  pit  coal. 
They  are  more  easily  divisible  into  lamina:,  and 
are  more  strongly  impregnated  with  bitumen. 
They  are  distinguished  by  the  name  of  stone  coal, 
and  produce  a stronger  and  more  durable  fire  than 
that  obtained  from  the  other  beds. 


The  bed  of  coal  called  wood  coal,  is  considered 
as  the  most  remarkable  of  all  the  strata  in  this 
place.  It  is  sometimes  of  a chocolate  colour,  and 
sometimes  of  a shining  black.  The  former  seems 
to  be  less  impregnated  with  bitumen,  is  less  com- 
pact and  heavy,  and  has  more  the  appearance  of 
wood  than  the  latter.  It  lies  in  straight  and  even 
veins,  and  is  sometimes  dug  out  in  pieces  of  three 
or  four  feet  long.  Other  pieces  of  the  same  kind 
are  found  lying  upon  them  in  all  directions  and 
without  any  mixture  of  earth,  or  any  interstice 
excepting  some  small  crevices,  by  which  the 
pieces  are  divided  from  each  other.  This  mineral 
is  composed  of  a number  of  laminas  or  thin  plates 
lying  horizontally  upon  each  other,  and  some- 
times having  small  protuberances  like  the  knots  of 
trees.  Pieces  of  spar  are  sometimes  found  in  the 
middle  of  this  coal.  When  the  coal  is  first  dug 
out,  and  before  it  is  deprived  of  its  moisture,  the 

' ln  pieces  ot  which  « is  composed  divide’  like 
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horn ; but  when  it  is  dried,  it  loses  its  elasticity, 
and  becomes  short  and  crisp.  It  is  easily  sepa- 
rated into  thin  laminae  or  splinters,  especially 
after  being  exposed  to  the  heat  of  the  sun,  which, 
like  the  fire,  makes  it  crackle,  separate,  and  fall 
to  pieces  *. 

Various  speculations  have  been  entertained  with 
regard  to  the  origin  of  what  is  usually  denomi- 
nated wood  coal.  The  Boyey  coal  is  generally 
supposed  to  be  derived  from  great  numbers  of 
trees  which  have  in  various  distant  ages  been 
washed  down  by  torrents  from  the  neighbouring 
hills,  and  on  which  the  alternating  beds  of  clay 
have  from  time  to  time  been  deposited.  The  si- 
tuation of  the  Heathfield,  in  which  the  Bovey 
coal  lies,  seems  to  confirm  this  opinion,  as  it  was 
probably  at  some  period  a morass,  and  is  almost 
surrounded  by  the  range  of  hills  that  lie  at  the 
feet  of  Dartmoor  and  Haldon.  The  lightness  and 
appearance  of  the  wood  coal  are  also  regarded  as 
circumstances  favourable  to  this  opinion,  as  well 
as  the  laminae  being  disposed  in  all  directions ; 
which  seem  to  show  that  the  coal  is  formed  of 
trees,  thrown  together  in  a confused  manner 
across  each  other.  The  resemblance  of  this  coal 
to  the  surturbrand  of  Iceland,  and  the  piligno  of 
Italy,  which  are  pretty  generally  believed  to  be 


**  Polwhele’s  History  of  Devonshire,  vol,  i. 
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fossil  wood,  is  quoted  as  another  proof  of  its  ve- 
getable origin. 

On  the  production  of  coal  from  morasses,  Dr 
Darwin  observes,  “ that  it  is  evinced  from  the  ve- 
getable matters  frequently  found  in  them,  and  in 
the  strata  over  them,  as  fern  leaves  on  nodules  of 
non  ore,  and  from  the  bog  shells  or  fresh  water 
muscles  sometimes  found  over  them ; of  both  which  I 
have  what  I believe  to  be  specimens;  and  is  further 
proved  from  some  parts  of  these  beds  being  only 
partially  transformed  to  coal,  and  the  other  part 
still  retaining,  not  only  the  form,  but  some  of  the 
properties  of  wood  ; specimens  of  which  are  not 
unfiequent  in  the  cabinets  of  the  curious,  pro- 
cured from  Loch  Neagh  in  Ireland,  from  Bovey 
near  Exeter,  and  other  places,  and  from  a famous 
cavern  called  the  Temple  of  the  Devil,  near  the 
town  of  Altorf  in  Franconia,  at  the  foot  of  a 
mountain  covered  with  pine  and  savine,  in  which 
are  found  large  coals  resembling  trees  of  ebony*.” 
The  particular  species  of  wood  of  which  the 
Bovey  coal  is  formed  is  supposed  to  be  the  pine  - 
and  it  is  said  that  a specimen  with  the  bark  re- 
maining has  been  found,  which  indisputably  be- 
longs to  this  kind  of  tree.  But  another  circum- 
stance observed  by  Mr  Pering  is  adduced  in  fa- 
vour of  this  opinion.  On  examining  the  appear- 
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ance  of  the  ground  about  100  yards  from  the  pits, 
and  which  is  just  on  a level  with  the  Heathfield, 
he  observed  numerous  stumps  of  trees,  which  ap- 
peared to  have  formerly  belonged  to  bodies  of  im- 
mense size.  These  trees  were  in  their  natural  po- 
sition, and  fixed  in  the  ground  by  means  of  their 
roots.  They  were  much  jagged  in  appearance, 
and  exhibited  no  marks  of  the  saw,  but  were  evi- 
dently  cut  with  the  ax ; in  colour,  lightness,  and 
texture,  they  bear  a close  resemblance  to  deal, 
from  which  Mr  Pering  infers,  that  the  species  of 
tree  from  which  the  coal  was  derived  was  probably 
the  pinus  sylvestris,  or  Scotch  fir  *. 

Coal  of  Scotland. — The  extent  of  the  coal  dis- 
tricts of  Scotland  is  still  more  limited  than  those 
of  England,  and  affords  another  proof  of  the  re- 
mark already  made,  with  regard  to  the  partial 
distribution  of  the  strata  of  coal.  If  a line  be 
drawn  from  the  mouth  of  the  Tay  on  the  east 
coast,  by  Stirling,  to  the  north  end  of  the  island  of 
Arran  on  the  west  coast ; and  if  another  line  be 
drawn  from  St  Abb’s  Head  on  the  east  coast,  to 
Girvan  in  Ayrshire,  on  the  west  coast,  almost  the 
whole  of  the  coal  of  Scotland  will  be  included 
within  these  lines,  which  are  nearly  parallel  to 
each  other.  The  only  exceptions  of  importance 
are  the  coal  districts  of  Sanquhar,  on  the  banks  of 


* Beauties  of  England,  iv.  p.  37. 
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the  Nith,  and  Cannoby  on  the  banks  of  the 
Esk  in  Dumfiies-shire.  It  is  true,  that  a small 
quantity  of  coal  has  been  dug  out  near  Portree 
in  the  isle  of  Skye,  and  some  appearances  have 
been  observed  in  the  isle  of  Mull;  and  attempts, 
which  were  attended  with  very  considerable  ex- 
pence, have  been  made  to  discover  that  valuable 
mineral  in  the  county  of  Sutherland  : but  none 
of  the  investigations  which  were  carried  on  in 
the  search  for  coal  have  been  successful  in  any 
of  these  places,  or,  considering  the  nature  of  the 
strata,  afford  any  ground  of  hope  that  it  exists  in 
sufficient  extent  and  thickness  to  defray  the  ex- 
pence of  the  operations  with  which  it  must  neces- 
sarily be  attended. 

It  is  not,  however,  to  be  understood,  that  coal 
exists  in  every  part  of  the  space  included  within 
the  limits  now  described.  Some  of  the  coal  dis- 
tricts within  the  general  boundary  are  of  con- 
siderable extent,  while  others  are  confined  within 
a ^eiy  limited  spot,  and  a very  large  proportion 
of  the  whole  space  is  entirely  destitute  of  coal. 

1 ne  extensive  coal  field  which  lies  to  the  south 
and  east  of  Edinburgh  forms  the  boundary  of 
the  coal  district  of  Scotland,  on  the  east  coast  and 
on  the  south  side  of  the  Forth.  The  peculiar  po- 
sition of  the  strata  in  different  parts  of  this  coal 
field  admits  of  a very  natural  division,  which 
has  been  accordingly  adopted  in  describing  them. 
The  strata  in  the  immediate  vicinity  of  Edinburgh, 
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to  the  southward  and  eastward,  that  is,  in  the 
north-west  division  of  the  field,  dip  to  the  south- 
east at  an  angle,  which  varies  from  forty-five  to 
forty-seven  degrees,  and  even  in  some  places  they 
are  nearly  perpendicular.  But  in  the  south-east 
division  the  strata  are  almost  in  a horizontal  po- 
sition, or  have  only  a very  gentle  inclination,  es- 
pecially at  the  extreme  boundary  of  the  field* 
to  the  north-west.  The  divisions  now  noticed  arc 
distinguished  by  the  names  of  the  Edge  coal 

seams  and  the  Flat  seams. 

The  flat  division  is  bounded  on  the  south-east  by 
red  sandstone  and  limestone.  A very  large  mass  of 
the  former  is  seen  on  the  south-west  of  the  village 
of  Salton,  and  has  an  inclination  about  north  and 
by  west.  In  the  immediate  vicinity  of  the  same  vil- 
lage, and  on  the  east  side,  there  is  a great  body  of 
a bluish  coloured  limestone.  This  limestone  is 
covered  with  a stratum  of  soft  sandstone,  which 
is  succeeded  by  a thin  stratum  of  bituminous 
shale  or  blaes,  reposing  immediately  on  a bed 
of  limestone  from  15  to  18  feet  thick..  A stra- 
tum of  coal  about  12  or  15  inches  in  thick- 
ness lies  under  the  limestone.  Approaching 
nearer  to  the  coalfield,  another  great  body  of  lime- 
stone is  seen  at  the  bridge  of  Salton  ; where,  as 
well  as  at  the  village  of  Salton,  a great  quantity  of 
this  stone  has  been  dug  out  for  the  purposes  of 
manure.  The  strata  of  the  latter  place,  which  is 
called  Spilmersford,  and  is  on  the  estate  of  Pen- 
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caitland,  are  nearly  the  same  as  at  Salton ; the 
inclination  or  dip  which  is  to  the  north  by  west, 
is  also  nearly  the  same ; but  the  coal  which  suc- 
ceeds the  thick  bed  of  limestone  is  18  inches 
thick.  The  coal  which  lies  under  the  limestone 
is  of  a very  inferior  quality,  as  is  usually  the  case 
with  coal  in  such  situations ; and  even  if  it  were 
sufficiently  thick  to  admit  of  working,  it  would 
scarcely  answer  the  purposes  of  fuel. 

The  first  field  from  which  coal  is  dug  out  near 

this  boundary  of  the  coal  district  is  about  a mile 

» 

and  a half  to  the  north-west  of  the  Spilmersford 
limestone  quarry,  and  is  also  on  the  estate  of  fen- 
caitland.  The  strata  in  this  field  have  nearly  the 
same  inclination  as  those  of  the  limestone  describ- 
ed above.  The  first  seam,  or  bed  of  coal,  which 
is  from  four  to  five  feet  thick,  is  covered  by  a 
thick  bed  of  beautiful  white  sandstone,  whose 
thickness  is  from  13  to  14  fathoms.  About  6 or 
7 fathoms  deeper  than  the  first  seam,  another  bed 
of  coal  is  met  with,  which  is  only  from  20  to  30 
inches  thick.  This  is  supposed  to  be  the  same 
bed  of  coal  as  that  which  is  seen  at  the  bottom 
of  the  limestone  rock  at  Spilmersford.  But  if  this 
be  the  case,  the  limestone  must  be  cut  off,  while 
the  stratum  of  coal  is  continued ; for  the  lime- 
stone has  not  appeared  in  any  of  the  workings  in 
the  coal-field  at  Pencaitland. 

The  regularity  of  the  strata  in  this  field  is  great- 
ly disturbed  by  various  dislocations,  and  particu- 
VOL.  II.  TT 
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larly  by  numerous  depressions  of  the  strata,  thus 
producing  small  basons,  in  which  the  strata  dip 
from  the  circumference  to  the  centre,  and  thus 
increasing  the  difficulty  ot  carrying  off  the  water 
and  working  the  coal. 

The  coal  is  wrought  to  a considerable  extent  at 
Ormistoun,  to  the  westward  of  Pencaitland,  and 
to  the  north  of  the  latter  place,  on  both  sides  of 
the  ridge  on  which  the  village  ot  Tranent  is  situ- 
ated. The  same  coal  is  continued  till  it  is  cut 
off  by  a powerful  whin  dyke,  which  appears  near 
Johnshaven  to  the  westward  of  Prestonpans.  This 
dyke,  which  forms  a natural  pier  at  Johnshaven, 
stretches  away  to  the  eastward,  and  is  seen  travers- 
ing the  limestone  strata  near  the  village  of  Linton, 
between  Haddington  and  Dunbar.  No  coal  has 
been  wrought  on  the  north  side  ot  this  dyke ; and 
although  indications  of  coal  are  not  wanting  in 
several  places  along  the  shore,  yet  they  are  not  ot 
such  a nature  as  to  encourage  the  proprietors  to 
undertake  any  expensive  operations  with  the  view 
of  improving  the  discovery  ; and,  indeed,  I am 
persuaded,  from  any  examination  of  the  rocks 
which  I have  had  an  opportunity  ot  making,  that 
there  is  no  accessible  seam  of  coal  which  promises- 

to  defray  the  expence  of  working  on  that  side  of 

* 

the  dyke. 

The  precise  spot  where  the  flat  and  edge  seams 
and  their  accompanying  strata  approach  each  o- 
ther,  is  seen  on  the  sutiace  only  in  a veiy  fe*r 
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places.  The  place  of  junction,  on  the  shore,  is 
about  a mile  west  of  Musselburgh.  Between 
Mavisbank  and  Polton  paper  mill,  on  the  banks 
of  the  North  Esk,  the  flat  strata  are  seen  distinct- 
ly in  the  bed  ot  the  river,  running  towards  the 
edge  seams  on  the  north  bank,  near  the  place 
from  which  the  level  that  drains  the  Loanhead 
coal  field  passes  out.  At  a little  distance  higher  up 
the  river,  on  the  left  side  of  the  road  which  leads 
from  Springfield  Mill  to  Loanhead,  and  on  the 
banks  of  a small  rivulet  called  Bullstone,  which 
runs  into  the  Esk,  there  is  a peculiar  derange- 
ment ot  the  strata,  which  is  denominated  a saddle. 
The  whole  of  the  strata  of  sandstone  and  iron- 
stone, which  are  visible  on  the  bank,  rise  from  the 
north-west  pretty  rapidly,  and  then  are  thrown 
down  to  the  south-east,  at  an  angle  of  47  or  48 

egrees,  which  is  the  usual  position  of  the  edee 
coal  strata.  But  by  far  the  most  distinct  view  of 
toe  junction  of  the  strata,  accompanying  the  flat 
and  edge  seams,  is  to  be  seen  nearly  at  the  ex- 
reme  boundary  ot  the  coal  field.  The  place  al- 

" CC‘  f°  IS3t  the  Esk  PaPer  mill  on  the  banks  of 
the  same  river,  near  Pennycuick.  At  that  place 

a fine  section  of  the  strata  in  both  positions  is  ex- 

taj.  ’ fl°m -which  it  appears,  that  the  junction 

nf  ,h  KCe  WUh0Ut  the  sl'ghtest  disturbance  either- 
i6  orizontal  or  the  vertical  strata.  The  lat 
ter  circumstance  is  noticed,  in  consequence  of  an 
pinion  which  I find  is  he)d  by  somC)  that  ^ 
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junction  of  the  fiat  and  edge  coal  strata  is  marked 
by  a considerable  derangement.  Another  opinion, 
with  regard  to  the  distribution  of  the  same  strata, 
may  be  here  mentioned.  It  is  supposed  that  the 
edge  seams  on  the  north-west  of  this  coal  field  are 
continued  under  the  flat  seams,  and  rise  again  to- 
wards the  surface,  on  the  eastern  boundary  of  the 
district,  as  at  Pencaitland.  The  only  reason  which 
I have  heard  alleged  in  support  of  this  opinion  is 
the  supposed  similarity  in  the  nature  and  proper- 
ties of  the  coal.  But  I suspect  that  a more  accu- 
rate comparison  will  not  show  so  near  a coinci- 
dence in  the  qualities  of  the  coal  in  the  extieme 
limits  of  the  field  alluded  to,  as  to  give  much 
countenance  to  an  opinion  otherwise  so  feebly 

supported.  . 

\fter  the  full  account  of  the  coal  district  round 

Edinburgh,  given  by  the  author*  it  would  be 

unnecessary  repetition  to  enter  further  into  the 

detail  of  its  natural  history.  It  may,  however,  be 

added,  that  a new  series  of  strata  commences  on 

the  north-west  boundary,  the  distribution  of  which 

is  distinctly  seen  on  the  bank  of  the  Water  of 

Leith,  a little  below  Slateford  bridge,  about  two 

miles  along  the  Lanark  road  from  Edinburgh;  it  is 

seen  also  in  a quarry  at  Craiglockhart,  belonging  to 

Dr  Monro,  and  appeared  in  some  unsuccesful  at- 


* Vol.  I.  chap.  via. 
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tempts  in  searching  for  eoal  on  the  same  property. 
The  strata  have  an  inclination  to  the  north-west, 
and  dip  at  an  angle  of  45°.  The  seams  of  coal 
which  appear  in  the  section  of  the  strata,  on  the 
bank  of  the  river  and  in  the  quarry,  are  not  of 
sufficient  thickness  to  admit  of  being  wrought  with 
profit  ; and,  indeed,  hold  out  very  little  encou- 
ragement to  have  prosecuted  the  search,  as  was 
the  case  two  years  ago,  at  any  great  expence. 
Farther  to  the  westward,  and  not  much  more  than 
a mile  distant,  the  character  of  the  strata  experi- 
ences another  change.  Here  a great  body  of  sand- 
stone is  deposited ; and  a fine  section  of  the  strata  is 
seen  at  Hailes,  the  quarry  of  which  has  been  long 
celebrated  for  furnishing  stones  to  many  of  the 
splendid  edxuces  which  adorn  the  streets  and 
squares  of  the  modern  part  of  Edinburgh.  The 
strata  dip  with  a moderate  inclination  to  the  east, 
and  m the  quarry  exhibit  a mass  of  sandstone 
Hfty  feet  thick.  This  is  succeeded  by  limestone  of 

a very  inferior  quality,  which,  it  is  said,  contains 
animal  remains. 

About  10  miles  from  Edinburgh,  on  the  Glas- 
gow road  by  Mid-Calder,  an  immense  body  of 
limestone  appears,  which  is  wrought  to  a great 
extent.  Some  indications  of  coal  are  visible  in 
the  banks  of  the  river  which  passes  the  village  of 
Mid-Calder;  but,  as  ig  usually  the  case  in  the  vi- 
cinity of  limestone,  it  is  not  of  sufficient  thick- 
ne'*  ^or  work*ng,  A few  miles  farther  to  the 
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westward,  and  not  far  from  the  road  between  West- 
Calder  and  Wilsontown,  there  is  another  great  de- 
position of  limestone,  in  the  vicinity  of  which 
coal  is  wrought ; but  it  is  scarcely  fit  for  any  o- 
ther  purpose  than  burning  the  limestone. 

At  Wilsontown  a regular  series  of  coal  strata 
commences,  and  continues,  with  the  usual  inter- 
ruptions to  be  expected  in  extensive  coal  districts, 
to  the  neighbourhood  of  Glasgow.  The  Forth 
and  the  Clyde  may  be  considered  as  the  bounda- 
ries of  this  district  on  the  north  and  south.  A 
line  drawn  from  Wilsontown  through  Whitburn, 
and  another  a little  to  the  westward  of  Glasgow, 
both  in  a direction  between  south  and  north,  may 
be  taken  as  its  limits  on  the  east  and  west.  After 
passing  Blantyre,  it  ought  to  be  noticed,  the 
southern  boundary  must  be  carried  across  the 
Clyde,  and  extended  to  the  Cathkin  hills,  a ridge 
of  considerable  eievation,  on  the  northern  decli- 
vity of  which  the  mansion  house  of  Castlemilk 
appears  in  a conspicuous  situation. 

But  if  wre  return  to  the  northern  boundary  of 
the  general  coal  district  of  Scotland,  w7e  shall  find 
a great  body  of  coal  deposited  on  its  eastern  ex- 
tremity. In  this  part  of  the  district,  as  at  Dysart, 
very  extensive  operations  have  been  carried  on, 
from  the  earliest  period  that  mineral  coal  came 
into  use  as  fuel  in  this  country.  The  beds  of  coal 
discovered  at  Dysart,  as  well  as  the  accompanying 
strata,  have  been  already  enumerated  in  Tt^ble  IV. 
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of  the  preceding  section.  The  coal  strata  con- 
tinue to  skirt  the  northern  shore  of  the  Forth  from 
Dysart  to  Alloa,  and  occasionally  stretch  to  a 
considerable  distance  into  the  interior  of  the  coun- 
try. But,  in  this  extensive  range,  it  must  not  be 
supposed  that  the  continuation  and  regularity  of 
the  strata  suffer  no  interruption  ; on  the  contrary, 
they  are  not  only  subject  to  very  great  derange- 
ment from  various  dislocations,  but  there  are  also 
wide  spaces,  in  which  the  coal  is  either  entirely 
cut  off  by  immense  masses  of  limestone,  or  great 
beds  of  sandstone,  oris  so  reduced  in  the  thickness 
of  the  seams  and  in  quality,  as  to  be  unfit  for 
working  or  fuel. 

The  great  abundance  of  coal  and  ironstone, 
which  prevails  in  the  districts  now  described,  has 
given  birth  to  numerous  manufactures  ; and  in  par- 
ticular to  the  operations  of  the  smelting  furnace  in 
the  reduction  of  the  ores  of  iron,  as  well  as  of  con- 
verting that  invaluable  metal  into  the  multifarious 
utensils  and  articles  of  machinery,  for  which  the 
peculiar  properties  which  it  possesses,  in  its  va- 
rious states  of  combination,  render  it  eminently 
useful.  To  verify  the  remark  now  made,  the 
iron-works  at  Wilsontown,  Shotts,  Cleland,  Air- 
drie, and  Clyde  ; but  particularly  the  grand  es- 
tablishment of  the  same  kind  at  Carron,  need  onltf 
be  mentioned. 

The  coal  district,  after  passing  Glasgow,  stretches 
westward  on  the  south  side  of  the  Clyde,  and  oc- 
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cupies  the  valley  or  flat  country,  which  has  been 
marked  out  as  the  line  of  the  Ardrossan  and 
Glasgow  canal.  This  tract,  which  is  not  very 
broad  in  any  part  of  it,  extends  through  Renfrew- 
shire, and  reaches  to  Dairy  in  Ayrshire.  At  this 
latter  place  the  coal  strata  are  interrupted,  pro- 
bably by  masses  of  limestone  or  sandstone,  some 
of  which  are  seen  at  no  great  distance ; and  the 
coal  does  not  make  its  appearance  in  sufficient  ex- 
tent and  thickness  to  render  the  working  pro- 
fitable, till  we  reach  the  banks  of  the  Gar- 
nock,  after  that  river  has  passed  Kilwinning. 
The  coal  has  been  long  wrought  on  both  sides  of 
the  river,  almost  to  its  junction  with  the  sea  be- 
low Irvine,  but  particularly  in  an  extensive  flat 
lying  on  the  south  side  of  the  village  of  Steven- 
ston,  and  stretching  from  Saltcoats,  nearly  three 
miles  up  the  country,  to  the  eastward.  This  coal 
field,  the  greater  part  of  which  is  on  the  estate  of 
Ardeer,  belonging  to  Mr  Warner,  has  yielded, 
for  many  years  past,  an  immense  quantity  of  ex- 
cellent coal,  the  chief  consumpt  of  which  is  the 
exportation  to  Ireland. 

Excepting  on  the  banks  of  the  river  Irvine,  at 
a short  distance  above  the  town  of  the  same 
name,  and  in  the  vicinity  of  Kilmarnock,  not 
far  from  the  banks  of  the  same  river,  and  also 
to  the  eastward  in  the  same  tract  of  country,  in 
which  places  there  are  many  excellent  seams  of 
coal,  that  valuable  mineral  has  not  been  disco- 
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vered,  till,  proceeding  nearly  10  miles  to  the  south- 
ward, it  makes  its  appearance  near  the  town  of 
Ayr.  The  flat  which  extends  from  the  banks  of 
the  uver,  and  for  more  than  a mile  along  the 
shore  to  the  northward,  and  stretches  to  the  east- 
waid  to  the  distance  of  about  two  miles,  contains 
a gieat  body  of  coal,  which  has  been  long  dug 
out,  not  only  for  home  consumption,  but  also  for 
expoitution  to  Ireland.  from  this  point  the 
tract  of  coal  country  stretches  to  the  eastward, 
keeping  at  no  great  distance  from  the  banks  of  the 
river  Ayr,  or  of  its  tributary  streams.  In  this 
tract  are  included  the  coal  field  of  Mr  Smith  of 
Drongan ; the  coal  in  the  vicinity  of  the  village  ' 
of  Cumnock,  and  that  of  Muirkirk,  near  the 
head  of  the  county  ot  Ayr,  where  iron  wrorks 
have  been  established  on  account  of  the  abund- 
ant supply  of  coal  and  ironstone. 

From  the  banks  of  the  Ayr  to  the  banks  of  the 
Girvan,  a distance  of  not  less  than  15  or  1(5  miles, 
the  coal  strata  seem  to  be  entirely  cut  off.  The 
intervening  rocks,  in  some  of  which  appearances 
of  lead  ore  have  been  discovered,  as  at  Brown 
Garrick  hill,  an  elevated  ridge  to  the  southward 
of  Ayr,  where  trials  have  been  made,  but  hither- 
to, I believe,  with  no  great  success,  afford  no  in- 
dications of  coal  whatever ; but  on  the  north  side 
of  the  water  of  Girvan,  and  on  the  property  0f 
Mr  Kennedy  of  Dunure,  a great  body  of  coal  is 
deposited.  In  this  field  there  is  a mass  of  coal  in 
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two  or  three  seams,  equal  to  40  feet  in  thickness. 
The  inclination  or  dip  is  to  the  southward,  at  a 
considerable  angle.  This  coal  is  cut  off  before  it 
reaches  the  sea  to  the  westward  by  limestone  and 
red  sandstone. 

There  are  no  appearances  of  coal  strata  to  the 
southward  till  we  reach  England  ; and  the  only 
other  coal  fields  in  Scotland,  not  included  in  the 
brief  sketch  now  given,  are  Sanquhar  and  Can- 
noby  in  Dumfries-shire,  a field  belonging  to  the 
earl  of  Hyndford,  and  lord  Douglas  in  Lanark- 
shire, and  a small  patch  on  the  west  side  of  the 
Mull  of  Cantire  in  Argyleshire.  Some  indications 
of  coal  have  been  met  with  in  the  island  of  Arran, 
as  well  as  in  the  islands  of  Mull  and  Skye,  and 
in  the  county  of  Sutherland  already  mentioned  ; 
but  they  seem  not  worthy  of  farther  notice,  as 
they  afford  no  hope  of  profit  to  the  proprietors,  or 

advantage  to  the  country. 

I shall  now  conclude  what  has  been  said  of  the 
coal  of  Scotland,  which  is  to  be  considered  mere- 
ly as  an  outline,  with  a short  account  of  three 
coal  fields  which  are  distinguished  by  some  pecu- 
liarities. The  fields  alluded  to  are  Hurlet  and 
Quarrelton  near  Paisley,  the  former  remarkable 
for  affording  materials  for  an  extensive  alum- 
work,  and  the  latter  exhibiting  one  of  the  most 
singular  masses  of  coal  in  the  world ; and  Ricar- 
ton  near  Kilmarnock,  containing  the  most  exten- 
sive bed  of  blind  coal  in  the  kingdom. 
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Coal  field  oj'  Hmlct . This  cosi-work  is  situated 
about  3 miles  south-east  from  Paisley,  on  the 
estate  of  the  earl  of  Glasgow.  It  has  been  wrought, 
it  is  said,  foi  thiee  centuries.  The  bed  of  coal  is 
about  5 feet  thick,  at  the  depth  of  30  fathoms, 
and  is  coveted  by  a bed  of  limestone,  which  is 
genei  ally  about  3 feet  thick.  The  coal,  as  is 
usually  the  case  in  the  immediate  vicinity  of 
limestone,  is  of  a very  inferior  quality  for  the 
purposes  of  fuel,  for  it  is  strongly  impregnated 
with  iron  pyrites  ; but  on  this  very  circumstance 


the  chief  value  of  these  mines,  as  some  of  the 
materials  which  they  afford  are  otherwise  applied, 
depends.  The  extent  of  the  excavation,  except- 
ing one  fourth  which  has  been  left  for  pillars,  is 
about  a mile  in  length,  and  not  much  less’ in 
breadth.  Between  the  stratum  of  coal  and  lime- 
stone there  is  a stratum  of  aluminous  schistus 
about  ten  inches  thick  ; and  this  schistus  being  ex- 
posed to  the  action  of  the  atmospheric  air,  is  in  a 
state  of  gradual  decomposition  through  the  whole 
extent  of  the  cavity,  in  the  progress  of  which  it 
flakes  off,  and  falls  down  on  the  floor  of  the 
mine,  where  the  decomposition  still  going  on 
causes  the  mass  to  swell  up,  and  converts  it  into  a’ 
'ght  spicular  efflorescence,  to  the  height  of  3 
4.  and  even  the  whole  5 feet  of  the  excavation.’ 
most  the  whole  of  the  10  inches  of  roof  is  now 
converted  into  a native  alum.  The  chemical  rea- 
der, by  considering  the  nature  of  the  materials 
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sound  in  these  mines,  will  be  at  no  loss  to  ac- 
count for  the  change  which  is  thus  produced. 
The  pyrites  of  the  coal  is  decomposed,  and  the 
sulphur  being  oxygenated,  is  converted  into  sul- 
phuric acid,  part  of  which  combines  with  the 
oxide  of  iron,  and  thus  forms  sulphate  of  iron 
or  copperas  ; while  another  part  of  the  sulphuric 
acid  combines  with  the  alumina  of  the  schistus, 
and  probably  also  with  an  alkali,  thus  yielding  a 
native  alum. 

A very  singular  combination  of  circumstances 
has  favoured  the  production  of  alum  in  this  mine. 
If  the  aluminous  schistus  had  been  disposed 
on  the  floor  instead  of  the  roof,  the  oxygena- 
tion of  the  surface  only  could  have  been  effected, 
because  the  inferior  portion  would  have  been  co- 
vered, and  the  process  entirely  interrupted.  If 
the  operations  in  working  the  coal  had  been  be- 
gun at  the  lower  part  of  the  field,  the  waters  ac- 
cumulated at  the  lower  part  would  have  dissolv- 
ed the  efflorescence  as  it  was  formed ; or  if  the 
workings  had  been  abandoned  at  shorter  periods, 
or  if  the  length  of  time  had  been  less,  or  the  ex- 
tent of  surface  more  limited,  the  slow  process  of 
efflorescence  would  not  have  afforded  a sufficient 
supply  ; or  if  a greater  number  of  pits  than  vi- 
sual had  not  been  left  uncovered,  the  diminished 
circulation  of  air  would  have  greatly  retarded  the 

progress  of  the  various  changes. 
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Four  different  states  of  the  aluminous  schistus 
have  been  described.  1.  In  the  first,  the  native  ma- 
terial which  forms  the  roof  the  coal,  which,  as 
already  noticed,  is  10  inches  thick,  is  of  a dense 
texture,  with  a conchoidal  fracture.  2.  In  the 
first  stage  of  its  decomposition,  it  appears  exter- 
nally of  a dirty  light  brown,  with  efflorescence, 
and  numerous  small  cracks  throughout,  showing 
the  slaty  texture.  3.  In  the  third  state  it  is  more 
completely  separated ; many  of  the  parts  have 
flaked  off,  and  a wrhite  saline  covering  of  efflores- 
cence and  saline  matter  in  the  cracks  evidently 
forcing  them  asunder.  This  saline  matter  has  a 
rough  and  ferruginous  taste,  and  the  filaments 
have  a slight,  woolly,  or  silky  appearance.  4.  In 
the  fourth  state,  it  is  in  the  form  of  a light  white, 
or  pale  greenish  white  mass,  which  consists  of  the 
silky  or  fine  fibrous  salt,  intermixed  with  fiakey 
fragments  of  part  of  the  schistus  which  is  yet  un- 
decomposed. In  some  places  of  the  mass  of  sa- 
line matter,  there  is  a considerable  proportion  of 
sulphate  of  iron  or  copperas,  which  gives  it  a 
greener  colour  : and  in  some  parts  of  the  mine, 
the  saline  matter  is  composed  chiefly  of  sulphate 
of  iron. 

In  consequence  of  the  great  abundance  of  ma- 
terials afforded  by  these  mines,  an  alum  work 
v as  established  about  12  years  ago  on  a very  large 
scale;  and,  indeed,  is  supposed  to  be  the  most 
extensive  manufactory  of  the  kind  in  Britain.  Jt 
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was  begun  by  an  enterprising  company,  Messrs 
M‘Intosh,  Knox,  and  Company,  whose  chemical 
knowledge  has  been  very  successfully  applied  in 
promoting  the  prosperity  of  this  undertaking.  A 
copperas  work,  but  on  a far  more  limited  scale, 
has  been  established,  for  40  years  past,  at  the  same 
place.  I have  thus  far  noticed  the  productions  of 
these  mines,  not  so  much  on  account  of  their  im- 
mediate connexion  with  the  natural  history  of 
coal,  as  on  account  of  the  circumstances  which 
seem  to  promote  the  changes  which  lead  to  the 
formation  of  the  saline  substances,  which  are  the 
foundation  of  the  valuable  manufactories  men- 
tioned above ; because,  where  circumstances  are 
favourable,  and  many  may  occur,  similar  estab- 
lishments may  be  projected.  The  period  in  which 
the  changes  take  place  in  the  production  of  na- 
tive alum  is,  I believe,  from  12  to  20  years. 

Besides  the  mineral  matters  now  described,  two 
others  are  found  occasionally  in  the  same  mines ; 
the  one  I found,  from  a chemical  examination 
soon  after  it  was  discovered,  to  be  sulphate  of 
magnesia.  It  was  in  the  form  of  fine  spiculae , 
some  of  which  were  about  a foot  in  length,  and 
of  a fine  white  colour.  It  covered  a space  of  40 
or  50  yards  square,  and  had  something  of  the  ap- 
pearance of  a crop  of  corn.  The  other  mineral 
alluded  to,  I found  also  by  chemical  analysis  to 
be  selenite,  or  sulphate  of  lime  crystallized.  It 
had  been  scarcely  at  all  noticed  when  I visited 
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these  mines  in  the  year  1797,  and  discovered  it 
in  the  cavities  of  the  limestone,  and  in  the  pave- 
ment of  the  mine,  where  it  shot  out  in  the  indu- 
rated clay  m the  form  of  spicular  crystals,  cross- 
ing each  other  in  all  directions,  and  intermixed 
with  small  fragments  of  the  clay. 

uarrelton  Coal.—' This  coal  field,  which  is  situ- 
ated in  the  county  of  Eenfrew,  is  the  property  of 
George  Houston,  Esq.  of  Johnstone,  and  is  per- 
haps the  most  singular  mass  of  coal  in  the  world. 
The  whole  extent  of  this  coal  field  from  north  to 
south  does  not  exceed  a mile,  and  from  east  to 
west  it  is  included  within  still  narrower  limits. 
To  the  north  it  crops  out  near  the  surface,  and 
to  the  south  it  is  cut  off  by  whin  rock.  The  coal 
is  everywhere  covered  by  a hard  blue  whinstone, 
containing  small  nodules  of  lime  spar.  This 
whinstone  is  supposed  by  some  to  have  a peculiar 
character,  and  is  only  met  with  in  the  vicinity  of 
the  coal,  no  rock  of  the  same  kind  being  found 
at  a greater  distance  than  a mile  from  the  field. 
But  in  examining  and  comparing  it  with  similar 
rocks,  which  are  very  abundant  in  that  part  of 
the  country,  it  did  not  appear  to  me  to  exhibit 
much  of  that  peculiarity  of  character  now'  alluded 
to,  or,  indeed,  to  be  at  all  different  from  much  of 
the  whinstone  in  the  neighbourhood.  It  is  of  very 
variable  thickness  ; but  in  some  places  not  less  than 
100  feet.  A stratum  of  sandstone  and  shale,  or 
aluminous  schistus  in  alternate  layers,  succeed* 
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(he  whinstone,  and  is  about  24  feet  thick.  The 
next  stratum,  going  downwards,  consists  of  two 
fathoms  of  soft  till,  or  lire  clay,  intermixed  with 
ironstone  nodules.  Next  to  this  is  the  mass  of 
coal,  which  in  some  places  is  from  50  to  60  feet 
thick.  This  immense  body  of  coal  is  not,  as  has 
been  represented  in  some  vague  descriptions,  ly- 
ing in  a confused,  irregular  mass,  but  is  composed 
of  five  distinct  seams,  which  are  separated  from 
each  other  by  a hard  stone  from  9 to  12  inches 
thick,  or  by  ironstone  bands.  In  the  lowest  seam 
there  is  a splent  coal,  the  thickness  of  which  is 
from  12  to  l6  inches.  The  coal  is  again  succeed- 
ed by  whinstone ; but  this  is  said  to  be  of  a softer 
and  brittler  nature  than  that  which  covers  the  coal : 
and  hence  it  appears  that  the  coal  and  its  accom- 
panying strata  in  this  field  are  included  between 

two  masses  of  whinstone. 

The  greatest  thickness  of  the  coal  in  this  field 
is  in  that  part  of  it  where  a double  series  of  beds 
seems  to  overlap  each  other.  This  will  be  seen 
by  consulting  fig.  7,  which  exhibits  a section  of 
the  strata.  In  another  part  of  the  same  field  two 
series  ©f  seams  of  coal  also  overlap  one  another ; 
but  are  separated  by  a considerable  thickness  of 
sandstone.  This  distribution  of  the  coal  may  be 
seen  on  the  right  hand  of  the  section  of  the  strata, 

given  in  fig*  7*> 

The  regularity  of  the  strata  in  this  field  is 
greatly  interrupted  by  two  slips  or  hitches,  which 
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produce  a considerable  dislocation  of  the  strata^ 
but  without  the  intervention  of  a dyke  or  vertical 
stratum » In  one  of  these  hitches,  which  runs 
nearly  in  a north-north-w’est  and  south-east  direc- 
tion, the  strata  are  thrown  up  on  one  side  to  the 
height  of  50  feet ; and  in  the  other,  in  which  the 
shift  of  the  strata  is  about  30  feet,  the  course  in- 
clines rather  more  to  the  north.  The  effect  of 
these  dislocations  in  the  strata  may  be  seen  at  fig, 
6 and  7. 

The  general  distribution  of  the  coal  in  this 
held  may  be  considered  as  in  the  form  of  a ba- 
sin, but  subject  to  considerable  derangement  with- 
in its  limits;  for  in  some  places  the  inclination  of 
the  strata  is  very  considerable,  in  others  it  is  very 
small,  and  in  some  others  the  strata  lie  quite  ho- 
rizontal. 1 o the  north  and  west  of  this  field 
coal  is  found  under  limestone  and  freestone  ; but 
the  thickness  and  extent  are  not  such  as  to  defray 
the  expense  of  working.  On  the  east  side  of  the 
field,  there  is  a body  of  workable  coal  connected 
With  strata  similar  to  that  of  the  Quarrelton  coal, 
but  on  a smaller  scale. 

Ric carton  coal . 1 his  coal  held,  which  lies  south 

of  the  village  of  Riccarton,  in  Ayrshire,  belongs 
to  Mi  Campbell  of  f reesbank,  and  is  remarkable 
for  containing  an  extensive  bed  of  blind  coal,  the 
coal  blende  ot  the  Germans.  This  coal  has  but 
a small  proportion  of  bituminous  matter  in  its 
composition,  so  that  when  it  burns,  it  gives  out 
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no  flame,  and  very  little  smoke.  These  qualities 
render  it  useful  for  many  purposes,  as  in  the  dry- 
ing of  malt,  where  flame  and  smoke  are  inconve- 
nient or  injurious. 

This  coal  field  is  bounded  on  the  south  and 
east  by  a great  body  of  limestone,  near  which  the 
coal,  as  is  usually  the  case  in  such  situations,  is 
only  in  very  thin  seams.  The  following  are  the 
strata  which  are  found  in  the  coal  field.  The  first 
is  a bed  of  clay  of  about  7 fathoms  in  thickness ; 
this  is  succeeded  by  a soft  till  of  from  24  to  3 
feet  thick,  forming  the  roof  of  a bed  of  fire  coal 

3 feet  thick.  This  coal  is  of  the  usual  quality, 
burns  with  flame  and  smoke,  and  cakes  somewhat 
like  the  Newcastle  coal.  Between  this  bed  of  coal 
and  the  next  there  are  13  fathoms  of  till  or  bi- 
tuminous shale,  and  ironstone.  Under  this  is  the 
bed  of  blind  coal,  the  thickness  of  which  is  4 feet 

4 inches,  divided  in  the  middle  by  a thin  stratum 
of  smooth  bituminous  shale,  from  10  to  4 inchef? 
thick.  The  floor  or  pavement  of  the  blind  coal  is  a 
hard  freestone.  It  ought  also  to  be  observed,  that 
in  the  13  fathoms  between  the  two  beds  of  coal,  there 
are  some  thin  strata  of  a'  shivery  sandstone  ; but" 
I could  not  learn  that  there  is  any  considerable 
body  of  this  rock  in  any  part  of  the  field. 

The  inclination  of  the  strata  in  this  field  is  a* 
little  to  the  west  of  south,  and  the  dip  is  about  1 
foot  in  12 ; a slip  or  hitch,  producing  a disloca- 
tion of  20  feet,  runs  through  the  field  from  south- 
west to  north-east.  The  coal  is  wrought  at  a 
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moderate  depth  from  the  surface;  the  depth  of  the 
engine  pit,  by  which  the  field  is  drained  of  water, 
does  not  exceed  21  fathoms. 

It  has  been  supposed  by  some  theoretical  wri- 
ters on  geology,  that  coal  is  deprived  of  its  bitu- 
men, and  reduced  to  the  state  of  blind  coal,  in 
consequence  of  having  been  in  contact  with  whin- 
stone  in  a state  of  fusion  ; but  this  opinion  de- 
rives little  support  from  the  history  of  this  coal 
field,  as  no  whinstone  is  found  in  any  part  of  it 
either  in  the  form  of  vertical  or  horizontal  strata, 

and  none  of  the  rocks  exhibit  any  indications  of 
the  action  of  fire. 

Blind  coal  is  not  uncommon  in  different  places 
of  Scotland,  although  it  is  generally  found  in  thin 
seams.  It  is  met  with  near  Cumnock,  which  is 
also  m Ayrshire ; in  the  parish  of  Shots,  in  La- 
narkshire ; in  the  parish  of  West-Calder,  which 
lias  been  already  mentioned  as  the  boundary  of 
an  extensive  tract  of  coal,  lying  between  Shots 
and  Wilsontown  ; and  in  some  other  places 
Coal  of  Ireland —I  have  heard  it  asserted  bv 
some  persons  who,  I fear,  were  more  actuated 
y e w-dimth  of  patriotic  zeal,  than  guided  bv 
sound  knowledge,  that  Ireland  possesses  abun- 

th“C®  f <:°a'  l°  be  aWe  t0  SUPP^  herself  with 

a ua  efuel;  but  that  numerous  attempts  in 

beenT'"8  'tS  dl3covery » or  in  digging  it  out,  have 
een  discouraged  and  finally  frustrated  through 

ie  in  uence  ot  the  proprietors  of  coal  in  Fng 

knd  antl  ScotIand-  -Admitting  the  operation  of 
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such  selfish  conduct  in  English  or  Scotch  miners, 
who  are  employed  in  searching  lor  coal,  it  is  dif- 
ficult to  conceive  how  it  could  extend  to  the  skil- 
ful geologists  and  miners,  who  are  natives  of  Ire- 
land, resident  in  that  country,  and  who,  it  can- 
not be  doubted,  are  as  strongly  attached  to  her 
and  to  their  own  interests,  as  to  those  of  the  sis- 
ter kingdoms.  An  assertion  equally  silly  and 
groundless  might  have  passed  unnoticed,  had  it 
not  been  suggested  by  the  consideration,  that  the 
cause  of  failurfe,  in  the  discovery  of  coal  in  many 
parts  of  Ireland,  must  be  sought  for  in  the  nature 
of  the  rocks,  which  are  extremely  unfavourable 
to  the  existence  of  coal,  and  over  a great  part  oi 
the  kingdom  are  entirely  destitute  of  that  mine- 
ral. 

The  few  and  scanty  notices  which  I have  been 
able  to  collect  of  the  history  of  the  coal  of  Ire- 
land, may  be  comprised  in  a few  words.  At 
Drumglass,  in  the  northern  part  of  the  kingdom, 
Mr  Whitehurst  found  the  following  strata  accom- 
panying coal,  which,  he  observes,  are  perfectly 

analogous  to  the  strata  in  the  English  coaleries. 

Feet.  Inchef. 


1.  Clay  and  rublestone  - 4$  0 

2.  Soft  argillaceous  stone  - 30  0 

3.  Bind,  or  indurated  clay  - 35  0 

4.  Shale  - - - 15  0 

5.  Coal  - - 4 6 


(i.  Argillaceous  stone  not  cut  through  0 0 
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Mr  Whitehurst  adds,  but  on  what  grounds  is 
>ot  stated,  that  there  is  some  probability  of  coal 
being  found  under  the  stratum  No*  6 *. 

At  Ballycastle,  where  coal  has  been  wrought 
for  a long  time,  the  strata  have  an  inclination  to 
the  southward,  and  are  remarkable  for  being  co- 
vered by  a thick  bed  of  basalt  or  whinstone, 
which  extends  along  the  whole  northern  coast  of 
Ireland.  The  following  is  an  enumeration  of  the 
strata  observed  in  the  -cliff  facing  the  Atlantic 
Ocean,  but  without  specifying  the  thickness. 

1.  Whinstone, 

-2.  Firestone  argillaceous, 

3.  Till,  shale,  or  laminated  clay, 

4-  Stone  argillaceous, 

5.  Till  or  shale, 

6.  Freestone  argillaceous, 

7-  Coal  41  feet  thick, 

8.  Stone  argillaceous, 

9.  Till  or  shale, 

10.  Brown  limestone,  containing  no  marine  shells, 

11.  Bind,  indurated  clay, 

12.  Stone  argillaceous, 

13.  Strata  not  ascertained,  bat  of  great  thickness, 
14-  Millstone  grit,  containing  quartz  pebbles. 

The  last  stratum  enumerated  is  entirely  cover- 
ed by  the  sea  at  high  water.  The  coal  of  this 
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place  is  wrought  by  means  of  a drift  or  road  car- 
ried into  the  interior  of  the  mountain  ; it  com- 
mences in  the  stratum,  No.  13,  and  is  conducted 
through  the  strata  intervening  between  that  and 
the  coal.  By  this  road  the  coals  are  carried  to  the 
wharf  to  be  shipped,  and  by  the  same  passage,  I 
suppose,  the  water  is  carried  off  from  the  mines  *. 

Strong  indications  of  coal,  it  is  said,  have  been 
observed  in  the  counties  of  Down,  Cavan,  Mo- 
naghan, and  Donegal.  Some  appearances  also 
are  met  with  on  the  western  coasts.  Bituminous 
schistus  is  seen  along  the  maritime  parts  of  the 
county  of  Clare ; but  here,  it  is  remarked,  that 
from  the  inclination  of  the  strata,  the  coal  veins 
seem  to  lie  at  a considerable  depth,  and  the  prin- 
cipal seam  dips  beneath  the  bed  of  the  ocean. 
According  to  Mr  Fraser,  there  are  valuable  mines 
of  coal  in  the  northern  parts  of  the  county  of 
Cork  ; but  the  want  of  roads  and  canals  has  hi- 
therto discouraged  the  extension  of  the  operations, 
although  it  is  said,  that  a canal  might  be  carried 
from  the  works  to  the  suburbs  of  the  city  of  Cork, 
at  so  small  an  expense  as  L.  60,000,  which  would 
thus  furnish  the  commodious  means  of  access  to  a 
ready  market.  The  counties  of  3x.ilkenny,  and 
Queen’s  County  abound  with  coal,  which  is  chiefly 
situated  in  the  mountains  of  Leitrim,  where  it  is  in 
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sad]  abundance  as  to  be  sufficient  to  supply  all 
the  western  districts  of  Ireland  with  fuel ; and  be- 
sides, for  working  the  rich  beds  of  iron  ore,  which 
are  found  in  the  vicinity  of  the  coal  mines  *. 

At  Arigna,  which  is  situated  on  a river  of  the 
same  name,  on  the  west  side  of  Loch  Alleyn,  m 
the  county  of  Roscommon,  the  beds  of  coal  have 
been  traced  four  square  miles.  In  consequence 
of  the  abundance  of  coal  and  iron-stone,  iron 
works,  on  an  extensive  scale,  have  been  erected 
at  this  place,  consisting  of  a blast  furnace,  a bor- 
ing mill,  a foundery,  a forge,  and  slitting  mill, 
either  driven  by  water  or  a powerful  steam  en- 
gine. The  thickest  seam  of  coal  which  has  yet 
been  met  with  is  on  the  Brahlieve  mountain, 
where  the  works  are  situated;  but  on  a neigh- 
bouring mountain,  called  Dobally,  at  the  head  of 
Loch  Alleyn,  a seam  of  10  feet  thick  has  been 
discovered.  The  latter  coal,  it  is  added,  has  been 
'seen  only  at  its  outburst,  where  it  is  tender  and 
e ul  my. 

rIhe  coal  at  Brahlieve  dips  into  the  hill  about 
1 foot  in  12 ; and  at  the  distance  of  a mile  on  the 
other  side  of  the  mountain,  where  the  coal  is  also 
wrought,  the  seam  dips  in  a contrary  direction,  so 
that  it  lies  in  the  form  of  a trough,  or  is  what  ir: 
called  a swilly  coal,  in  the  middle  of  which  it 
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will  be  found  flat ; and,  it  is  supposed,  consider- 
ably thicker  than  it  is  elsewhere. 

This  coal,  as  w ell  as  the  Kilkenny  coal,  is  of 
the  nature  of  blind  coal ; it  burns  with  little  flame 
and  smoke  to  a white  ash*, 

A remark  made  by  Mr  Fraser,  in  the  work  al- 
ready quoted  f, . must  not  pass  unnoticed.  He 
observes,  that  the  coal  brought  by  means  of  river 
and  canal  navigation,  from  the  mines  of  Kil- 
kenny and  Queen’s  County,  to  the  same  market 
as  that  which  is  imported  from  Whitehaven  or 
other  parts  of  the  English  coast,  is  sold  at  double 
the  price.  Thus  the  Irish  coal  in  the  harbour  of 
Waterford  sells  at  8 or  10s.  while  the  Whitehaven 
coal  is  only  4s.  per  barrel  of  44  cwrt.  Now,  un- 
less the  Irish  coal  be  of  a superior  quality  to  that 
of  Whitehaven  (which  I do  not  understand  is 
supposed  to  be  the  case),  it  can  only  meet  with  a 
market  when  there  is  a deficiency  of  English 
coal ; and  it  must  follow  besides,  that  the  ex- 
pense of  working  the  Irish  coal  is,  irom  peculiar 
circumtsances,  much  greater  than  that  of  England, 


♦ Report  by  Mr  Grieve,  Civil  Engineer,  Edinburgh, 
f Gleanings,  p.  7. 
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SECT.  III. 

OF  THE  COAL  OF  FRANCE  AND  SOME  OTHER 

COUNTRIES. 

Before  the  revolutionary  war  of  France,  Eng- 
land enjoyed  a very  considerable  trade  in  supply- 
ing the  maritime  parts  of  that  country  with  coal. 
But  being  deprived  of  this  supply  during  the  in- 
terruption of  free  communication  which  war  im- 
poses between  hostile  countries,  the  rulers  of 
France,  w hatever  name  they  assumed,  or  what- 
ever form  of  government  they  affected  to  main- 
tain, seem  to  have  been  ever  attentive  to  the  im- 
provement of  her  internal  resources.  Among 
other  objects  of  research  which  promised  to  be 
useful  to  the  state,  the  discovery  of  coal  wras  too 
important  to  be  neglected.  It  was  accordingly 
eagerly  attempted  wherever  any  favourable  in- 
dications offered  • and  appears  in  many  cases  to 
have  been  so  successfully  prosecuted,  that  France 
is  supposed  to  have  within  her  own  territories  not 
only  an  abundant  supply  of  coal  for  domestic  pur, 
poses,  but  also  for  the  extraordinary  consumption 
of  numerous  flourishing  manufactories. 
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The  inspection  of  a map  * of  France,  in  which 
the  coal  districts  are  delineated,  would  lead  us  to 
conclude,  that  more  than  one  half  of  the  king- 
dom contains  mines  of  that  valuable  mineral ; but 
when  the  accompanying  descriptions  are  examin- 
ed, the  extent  of  country  abounding  in  coal,  or 
affording  it  in  such  plenty,  and  of  such  quality 
and  thickness,  as  to  allow  the  operations  of  digging 
and  extracting  it  to  be  profitably  conducted,  must 
be  greatly  abridged ; and  it  may  be  more  than 
suspected,  that  speculations  in  the  discovery  of 
coal  have  been  as  much  encouraged  in  France  as 
in  other  countries,  by  those  interested  in  so  va- 
luable an  acquisition.  It  seems  however  not  at 
all  improbable,  that  the  result  of  sober  inquiry 
will  bring  the  estimate  of  the  extent  of  the  coal 
districts  of  France,  containing  good  workable 
coal,  nearer  to  an  equality  with  those  of  Bri- 
tain than  the  flattering  descriptions  which  have 
been  given  of  the  former  would  lead  us  at  first 
sight  to  believe ; and  hence  the  general  remark 
already  made  of  the  limited  extent  of  coal  strata, 
is  still  farther  confirmed.  But  notwithstanding  the 
abundance  of  coal  in  k ranee,  a cunous  fact  has 
been  noticed,  and  commented  on  in  a report  f 
addressed  to  the  consular  government,  concerning 


* Jour,  des  Mines,  vol.  xii.  No.  72. 
Ibid.  vol.  xi.  P«  257* 
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the  coal  mines  in  the  department  of  Jemmappes, 
which  are  held  out  as  the  richest  and  most  valu- 
able of  any  in  the  country,  that  the  English  coal 
carried  by  sea  to  the  same  market,  Ostend  for  ex- 
ample, can  be  sold  at  a price  nearly  one  third  lower 
than  the  1 rench  coal.  The  reporter  seems  to  be 
greatly  at  a loss  to  account  for  this  remarkable  dif- 
ference, ascribing  it  sometimes  to  a prejudice,  aw'ell 
founded  one  I suspect,  in  favour  of  the  English 
coal,  and  sometimes  to  the  superior  skill  and  more 
perfect  machinery  employed  in  conducting  the 
operations  in  the  English  coaleries. 

From  a very  elaborate  report*  drawn  up  by 
Lefebure,  and  containing  a general  view  of  the  coal 
mines  of  France,  it  appears  that  coal  is  wrought 
in  47  departments  of  that  kingdom,  and  that  16 
others  afford  some  indications  of  the  same  mine- 
ral. It  seems  to  have  been  one  object  of  the  report, 
to  ascertain  the  quantity  of  coals  obtained  from  the' 
different  mining  establishments  throughout  the 
kingdom.  But  of  the  47  departments  in  which 
coal  mines  are  wrought,  the  report  of  the  product 
of  34  only  has  been  obtained ; and  the  estimated 
annual  amount  of  the  coal  of  these  34  departments 
,s  «lven  at  388,095,000  myriagrammes,  which  is 
equal  to  about  3,880,000  tons ; and  making  an 
allowance  of  one  twentieth  part  of  what  is  now 
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stated  for  the  produce  of  coal  in  the  13  depart* 
ments  not  included  in  the  former  account,  850,000 
tons  must  be  added,  making  the  whole  annual  pro- 
duce of  the  coal  mines  of  France  4,730,000  tbns. 
The  above  calculation,  it  is  added,  is  rather  under 
than  above  the  truth. 

The  coal  which  has  been  found  in  some  districts 
of  the  southern  parts  of  France,  as  in  the  depart- 
ments of  the  Lower  Alps,  the  mouths  of  the  Rhone 
and  of  Var,  is  accompanied  with  calcareous  strata, 
and  is  of  an  inferior  quality  ; but  is  at  the  same 
time  a valuable  acquisition  in  places  where  wood 
is  scarce  and  various  manufactures  are  established. 
The  country  in  the  vicinity  of  Alais,  in  the  de- 
partment of  Card,  contains  numerous  and  very  rich 
feeds  of  coal,  some  of  which  are  of  a good  quality, 
and,  with  the  advantage  of  water  carriage,  could 
fee  conveyed  to  the  neighbouring  districts,  parti- 
cularly towards  the  Rhone,  and  the  large  cities  of 
Montpellier,  Nismes,  &-c.  at  a moderate  expense. 
Similar  difficulties,  in  the  want  of  navigable  rivers 
and  canals,  are  to  be  surmounted,  before  an  abun- 
dant supply  of  coal  can  be  obtained  for  othej 
places  in  this  part  of  the  kingdom ; as  for  Tou- 
louse in  the  south,  and  Bourdeaux  and  Rochelle 
in  the  west,  from  the  coaleries  of  Carmeaux  in 
the  department  of  Tain,  which  affords  a good 
coal.  The  richest  mines  of  coal  in  the  south  df 
France,  are  situated  in  the  department  of  Aveyron, 
on  the  banks  of  the  Lot  and  the  Dordogne,  at  the 
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tipper  part  of  its  course.  This  part  of  the  country 
is  represented  as  containing  immense  masses  of 

coal,  which  in  many  places  appear  very,  near  the 
surface. 

In  the  central  parts  of  France  great  abundance 
of  coal  is  met  with ; and  particularly  in  some  dis- 
tricts at  no  great  distance  from  the  banks  of  the 
river  Allier,  and  that  part  of  the  country  to  the 
south  of  Lyons,  included  in  the  natural  boundaries 
formed  by  the  rivers  Saone,  Rhone,  and  Loire. 
Mines  of  coal  have  been  also  discovered  in  the  de- 
partments of  Creuse  and  Allier,  and  particularly 
in  the  neighbourhood  of  CommentryT  in  the  latter 
department.  Towards  the  north-east  in  this  part  of 
the  kingdom,  and  in  the  department  of  Lanievre, 
coaleries  have  been  established,  from  which  Or- 
leans and  Paris,  and  other  towns  in  the  interior  of 
France,  are  supplied  with  fuel.  This  coal  is  said 
to  be  of  an  inferior  quality,  but  is  found  to  an- 
swer the  operations  of  the  forge,  without  being  re- 
duced to  the  state  of  coke.  Farther  to  the  east 
are  situated  the  coaleries  of  Creusot,  in  the  depart- 
ment of  Saone  and  Loire ; and  not  far  distant  them 
are  some  excellent  beds  of  coal  at  Blanzy. 

The  coal  in  the  eastern  frontier  of  France,  a., 
in  the  department  of  Mont  Blanc,  seems,  from 
the  report,  to  be  of  no  great  importance.  There 
is  a thick  bed  of  coal  towards  the  source  of  the 
river  Doubs,  and  on  the  boundaries  of  the  depart- 
ment of  the  Upper  Saone ; and  some  coaleries 
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have  been  established  around  the  foot  of  the 
Vosges  mountains,  in  the  departments  of  the  Up- 
per and  Lower  Rhine ; but  the  extent  of  their 
operations  and  produce  appears  to  be  extremely 
limited. 

In  the  western  parts  of  Fiance,  the  mines  of 
Montrelais  have,  for  a long  time,  furnished  a con- 
siderable supply  of  coal  to  that  part  of  the  country 
which  is  in  the  vicinity  of  the  river  Loire,  and  in 
the  lower  part  of  its  course.  The  cities  of  Nantz, 
L’Orient,  and  Rochelle,  as  well  as  the  maritime 
coasts  of  this  part  of  France,  are  supplied  with 
fuel  from  these  mines.  On  the  northern  coast,  in 
the  neighbourhood  of  Bayeux  and  Caen,  are  si- 
tuated the  mines  of  Litry  : and  to  the  westward 
that  part  of  the  country  round  Brest,  Morlaix, 
and  Quimper,  is  distinguished  in  the  mineralogi- 
cal  map  above  alluded  to  as  a coal  district ; but 
as  it  is  passed  over  unnoticed  in  the  report,  only . 
some  trifling  indications,  I suppose,  have  been  met 
with. 

But  that  part  of  France  which  lies  between 
Calais  and  the  banks  of  the  Rhine  contains  by 
far  the  richest  coal  mines  in  the  kingdom  ; and 
indeed  the  produce  of  the  mines  in  the  northern 
districts  amounts  to  three  fourths  of  the  whole  pro- 
duce estimated  above.  Some  of  the  departments 
in  the  north  eastern  parts  of  France  are  stated  as 
possessing  abundant  mines  of  coal,  particularly 
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those  of  Mont  Tonnerre,  of  the  Rhine  and  Mo- 
selle,  and  of  the  Saarre. 

I shall  now  finish  the  very  general  outline 
of  the  mines  of  France,  given  above,  with  a 
brief  sketch  of  the  history  of  three  coal  districts, 

some  ot  which  are  distinguished  by  peculiarities 
unknown  in  this  country. 

Coalfield  in  the  district  of  Boulogne.— This  district 
is  described,  according  to  a natural  division,  into 
the  chalky  and  limestone  territory ; the  former 
terminates  in  a ridge,  which  embraces  the  latter 
in  the  form  of  a semicircle,  which  extends  to  the 
sea-coast  on  the  south,  and  to  Cape  Blancnez  on 

the  nor(h>  or  tfaat  part  of  the  French  contjW 

.v  uch  is  nearest  to  England.  The  coal  mines 
which  have  been  wrought  since  the  year  1692  are 
situated  in  the  limestone  territory.  The  limestone 
some  ot  which  approaches  to  the  nature  of  marble* 
and  contains  shells  and  other  animal  remains,  col 
vers  the  strata  of  aluminous  schistus  and  sandstone 

? j*  • . ^ extent  of  the 

• oal  district  is  near  1000  fathoms  from  south  to 

rioriL,  and  about  600  from  east  to  west;  and  in 

th'S.  Spa<;e  the  dlP  or  inclination  of  the  beds  of 
coal  and  the  accompanying  strata,  is  in  opposite 
dnections.  In  the  northern  part  of  the  district 

• e inclination  is  from  south  to  north,  but  in  the 
southern  part  it  is  from  north  to  south.  The  nrin. 
tipa  operations  have  been  carried  on  in  the  north 
Cm  Part  °f  the  district,  where  five  beds  of  Tali 
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have  been  discovered.  The  termination  of  these 
five  veins  of  coal  is  at  the  surface,  and  is  regu- 
larly at  the  distance  of  from  25  to  30  fathoms 
from  each  other.  The  beds  of  coal,  as  they  dip 
into  the  earth  in  the  opposite  direction,  are  inter- 
rupted by  a dyke  which  runs  in  the  form  of  a 
crescent  from  north  to  west.  This  dyke  is  com- 
posed of  a variety  of  limestone,  which  is  common 

9 . 

in  that  part  of  the  country  ; and  although  it  has 
been  penetrated  near  200  feet,  its  thicknes  is  un- 
known. At  the  perpendicular  depth  of  more  than 
fiOO  feet,  it  presents  the  same  appearances,  after 
which  it  is  succeeded  by  a schistose  rock,  which 
serves  it  for  a base,  and  which  also  interrupts  the 
coal  and  accompanying  strata.  The  coal  in  the 
northern  part  of  the  district  meets  with  similar  in- 
terruptions, and  appears  to  be  cut  of!' by  the  lime- 
stone. But  according  to  the  observations  of  other 
mineralogists,  the  dyke,  or  vertical  stratum  of  lime- 
stone, is  to  be  considered  as  a horizontal  stratum 
brought  nearly  into  a perpendicular  position, 
rather  than  a vertical  stratum  or  dyke.  This  is 
probably  the  fact,  and  it  coincides  with  numerous 
other  facts  already  noticed. 

The  northern  part  of  this  district,  it  has  been 
stated,  contains  five  veins  or  beds  of  coal.  The 
first  bed  is  covered  with  two  feet  of  vegetable 
soil,  mixed  with  flint,  between  three  and  four 
fathoms  of  clay,  four  fathoms  of  whitish  marl, 
and  eight  fathoms  of  blue  marl  and  aluminous 
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schistus,  the  latter  of  which  is  the  roof  of  the  stra- 
tum of  coal.  This  bed  of  coal  is  extremely  variable 

and  irregular  in  its  thickness,  running  from  a foot 
to  a fathom. 

The  second  bed  is  at  the  depth  of  not  fewer  than 
63  fathoms  from  the  surface;  the  thickness  is 
much  the  same  as  the  first.  Between  the  first  and 
second  there  are  several  small  veins  of  coal,  from 
six  inches  to  a foot  in  thickness. 

The  third  vein  is  16  fathoms  deeper  than  the 
second;  and  the  intermediate  space  is  composed  of 
a very  brittle  schistus  and  sandstone.  The  thick- 
ness of  this  vein  varies  from  3 to  4 feet ; but  its 
thickness  diminishes  in  its  inclination,  and  also  as  it 

approaches  the  limestone,  which  cuts  off  the  other 
veins. 

Seventeen  fathoms  below  the  last  vein  is  the 
fourth  vein,  which  is  about  3 feet  4 inches  thick. 
The  intermediate  space  consists  also  of  sandstone 
and  schistus.  This  vein  has  been  traced  to  the 
limestone,  by  which  it  is  cut  oft'. 

The  fifth  vein  is  at  the  depth  of  14  fathoms  be- 
low the  fourth,  through  strata,  which  are  also  com- 
posed of  schistus  and  sandstone.  The  thickness  of 
is  vein  is  4 feet  4 inches  ; but  it  is  divided  by 
6 inches  of  earthy  matter,  having  one  foot  of  coal 
above  and  2 feet  under  it.  The  operations  in  this 
vein  lave  also  been  carried  to  the  limestone.  The 

w ole  depth  from  the  surface  is  115  fathoms 
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The  preceding  sketch  is  of  some  importance  to 
the  practical  miner,  as  it  shows  what  has  been 
oftener  than  once  already  noticed,  that  the  coal 
strata  in  the  immediate  vicinity  of  limestone,  or 
accompanied  with  strata  of  limestone  rocks,  rarely 
afford  profitable  mines  of  coal,  or  coal  of  a good 
quality,  and  fit  for  the  ordinary  purposes  of  fuel ; 
and  it  may  prove  a useful  lesson  to  those  who  are 
naturally  disposed  to  indulge  hopes  of  discovering 
valuable  beds  of  coal  in  such  circumstances,  but 
whose  sanguine  expectations,  after  many  serious 
and  expensive  operations,  have  been  frustrated  by 
disappointment.  It  is  to  be  observed,  too,  that  of 
the  5 veins  of  coal  in  the  district  alluded  to,  those 
at  the  greatest  distance  from  the  limestone,  and 
particularly  the  fourth  vein,  which  yields  a good 
coal,  are  the  most  valuable,  not  only  because  they 
are  less  irregular,  but  also  because  the  coal  is  of 
a better  quality.  The  same  observation  applies  to 
the  veins  of  coal,  as  they  approach  the  great  mass 
of  limestone  by  which  they  are  entirely  cut  off. 
In  the  vicinity  of  that  rock  they  become  thinner, 
as  W’ell  as  more  irregular,  and  it  is  very  probable 
that  the  quality  of  the  coal  is  greatly  inferior. 

Coal  of  Jemappe. — This  department  contains  the 
richest  mines  of  coal  in  France,  and  the  most  ex- 
tensive operations  are  carried  on  for  extracting  it. 
A very  large  portion  of  this  department  is  com- 
posed of  coal  strata,  in  which  an  immense  mass  of 
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that  mineral  is  deposited,  and  in  many  places  it 
lies  at  no  great  distance  from  the  surface. 

Three  different  series,  or  depositions  of  coal, 
have  been  discovered  in  this  department*;  and 
each  of  the  series  is  described  as  being  more 
than  three  miles  broad,  of  a very  considerable 
length,  and  containing  a great  number  of  beds  of 
coal,  which  are  from  3^  to  6f  feet  thick.  The 
bearing  of  the  strata  of  coal  is  from  east  to  west, 
and  the  inclination  is  from  north  to  south.  The 
number  of  beds  of  coal  varies  in  each  series,  and 
even  in  the  same  series,  because  some  of  them  are 
not  extended  through  its  whole  length. 

Some  notion  may  be  formed  of  the  extensive 
operations  and  produce  of  these  mines,  by  con- 
sidering the  number  of  persons  to  which  they 
give  employment.  It  is  said  that  no  fewer  than 
25,000  persons  are  constantly  occupied  in  the 
works  below  ground  ; and  if  the  whole  number 
engaged  in  the  other  departments  of  labour  con- 
nected With  the  mines  be  estimated,  it  is  supposed 
that  they  do  not  fall  much-short  of  60,000 ; the 

number  of  pits  or  shafts  now  open  is  not  less  than 
300. 

Cod  of  Anzin. — This  coal  is  situated  in  the  de- 
partment of  the  North.  The  working  of  the  coal 
was  begun  near  the  commencement  of  the  18th 


* Jour,  des  Mines,  ii.  p.  257. 
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century,  and  has  been  continued  since,  affording 
a very  considerable  produce  of  coal.  The  space 
occupied  by  the  workings  in  this  district  is  on  the 
north-west  of  Valenciennes,  immediately  contigu- 
ous to  the  fortifications  of  that  city,  and  it  extends 
in  length  about  If  mile,  and  in  breadth  about 
three  quarters  of  a mile.  The  strata  which  accom- 
pany the  coal  are  of  the  usual  kinds,  viz.  sand- 
stone and  aluminous  schistus,  and  the  depth  of  the 
workings  varies  from  60  to  170  or  180  fathoms. 
The  thickness  of  the  beds  of  coal  is  not  very  con- 
siderable, varying  from  a foot  to  about  3f  feet ; 
but  in  some  sections  of  the  strata,  not  fewer  than 
40  beds  of  coal  of  different  degrees  of  thickness 
appear.  But  the  most  remarkable  peculiarity  of 
this  coal  is  the  manner  in  which  it  is  distributed : 
Sometimes  the  strata  or  beds  are  nearly  in  a ver- 
tical position ; sometimes  they  are  considerably 
inclined,  approaching  nearly  the  horizontal  posi- 
tion. But  the  most  extraordinary  circumstance  in 
the  history  of  the  coal  strata  of  this  district  is,  that 
the  same  bed  or  vein  of  coal  is  met  with  at  very 
different  depths,  in  consequence  of  being  folded 
back,  as  it  were,  either  in  an  upward  or  down- 
ward direction ; but  this  distribution  of  the  coal 
strata  will  be  best  understood  by  examining  Fig.  8. 
on  Plate  II. 
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IN  o coal  has  yet  been  discovered  in  any  part 
of  Spain  or  Italy ; and  no  indications  of  that 
valuable  mineral,  worthy  of  notice,  have  yet  ap- 
peared in  either  of  these  countries.  In  other 
parts  of  the  European  continent,  as  in  Silesia, 
Hessia,  the  Meissner,  and  Bohemia,  there  are  va- 
luable mines  of  coal,  some  of  which  yield  it  in 
considerable  abundance.  A mass  of  coal,  some- 
what resembling  the  Quarrelton  coal  described 
above,  is  met  with  at  Meissen  in  Hessia.  It  is 
wrought  by  means  of  galleries,  which  are  carried 
upwards  into  the  side  of  the  hill,  and  £00  feet  un- 
der its  summit,  through  sandstone,  thin  clay,  and, 
lastly,  a bed  of  coal  from  6 to  QO  feet  thick,  which 
latter  is  covered  by  a mass  of  whinstone  600  feet 
thick.  The  coal  lies  in  a horizontal  position 
The  greatest  part  of  the  northern  countries  of 
Europe,  with  the  exception  of  a small  quantity 


* ^ner>s  Jour-  i7^9,  quoted  by  Kirwan,  Geolog.  Ess 
p.  311. 
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found  in  the  Russian  territory,  is  entirely  destitute 
of  that  combustible.  In  several  places  of  the 
Russian  empire,  coal  of  an  inferior  quality  is 
met  with.  Some  appearances  of  that  mineral 
were  observed  by  Olivier  on  the  shores  of  the 
Black  Sea  * ; and  Pallas  says,  that  it  is  not  un- 
common to  meet  with  pit  coal  in  the  vicinity 
of  the  Donetz,  and  towards  the  north  of  Tagan- 
rog, beyond  the  sources  of  the  rivers  which 
discharge  their  waters  into  that  sea.  At  the  dis- 
tance of  150  versts  from  Taganrog,  an  immense 
bed  of  coal,  no  less  than  24  feet  thick,  has  been 
discovered ; but  it  is  mentioned  that  it  is  a slate 
coal  of  inferior  quality  f . The  same  author  in- 
forms us,  that  the  existence  of  coal  in  the  neigh- 
bourhood of  Moscow  was  first  ascertained  about 
the  year  1763 ; but  the  quantity  obtained  is  far 
from  being  sufficient  for  the  supply  of  that  im- 
mense city,  or  to  render  the  importation  of  British 
coal  unnecessary ; and  it  appears  from  the  short 
notice  given  of  these  mines,  that  no  great  advan- 
tage is  obtained  from  them  J. 

. The  extensive  countries  included  under  Asia, 
China  excepted,  scarcely  afford  any  indications 
of  coal.  On  the  Banks  of  the  Pekiong,  a river  of 


* Trav.  vol.  i.  p.  141. 
f Trav.  vol.  i.  p.  502. 
f Ibid.  vol.  i.  p.  6. 
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China,  which  passes  by  Canton  in  its  course  to- 
wards the  sea,  coaleries  wrere  observed  by  some  of 
the  gentlemen  in  the  train  of  Lord  Macartney, 
during  his  embassy  to  that  government.  The 
coals  are  extracted  by  means  of  levels  carried  in- 
to  the  side  of  the  hill,  and  are  immediately  put  in- 
to vessels,  to  be  conveyed  to  different  parts  of  the 
empire.  Several  of  these  mines  are  said  to  be 
very  extensive ; but  as  the  coal  is  described  to  be 
of  a soft,  shivery  nature,  it  is  probably  of  an  in- 
ferior quality.  Even  the  dust,  or  small  of  the 
coal,  which  is  usually  neglected  in  this  country* 
is  not  lost  by  that  industrious  and  economical 
people  : It  is  mixed  with  soft  earth,  collected  from 
the  marshy  grounds,  reduced  to  the  form  of  bricks, 
and  being  dried  in  the  sun,  is  conveyed  to  those 
parts  of  the  empire  which  are  destitute  of  that  ne- 
cessary fuel*.  The  latter  circumstance  is  a pretty 
obvious  proof  of  the  scarcity  of  coal,  at  least  in  that 
part  of  the  country.  It  is  said  that  coal  is  in  general 
use  in  Pekin,  which  is  supplied  with  abundance 
of  that  mineral  from  the  mountains  in  the  neigh- 
bourhood ; but  of  the  coal  in  the  other  parts  of  the 
Chinese  empire,  if  any  exist,  no  information  has 
been  obtained. 


Staunton’s  Embassy,  vol.  iii.  p.  348.  Barrow’s  Travels, 
■9.  194. 
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No  coal  has  yet  been  discovered  in  any  part  of 
the  immense  regions  of  Africa. 

The  extensive  continent  of  South  America, 
richly  abounding  in  many  precious  minerals, 
seems  to  be  entirely  destitute  of  coal ; but  this  va- 
luable fuel  is  met  with  in  different  parts  of  North 
America.  No  coal,  I believe,  has  ever  been  found 
m Canada ; butm  the  island  of  Cape  Breton,  which 
has  been  already  noticed  by  the  author,  there  is  a 
very  extensive  bed  of  that  mineral.  It  is  describ- 
ed as  lying  nearly  in  a horizontal  position,  and  not 
more  than  8 or  10  feet  below  the  surface ; but  it 
seems  to  be  so  little  valued  in  that  country,  that 
it  is  chiefly  employed  for  the  purposes  of  ballast ; 
and  one  of  the  pits  having  accidentally  taken  fire, 
was  allowed  to  burn,  and  not  long  since,  it  is  said, 
remained  unextinguished. 

Coal  is  said  to  be  abundant  in  various  places  of 
Virginia  ; and  it  has  also  been  met  with  in  some  of 
the  territories  which  border  the  Mississippi  and 
Ohio.  At  Salisbury  in  Virginia,  there  is  a bed  of 
coal  of  the  extraordinary  thickness  of  42  feet. 
This  immense  bed  is  so  near  the  surface,  that  the 
earth  which  covers  it  is  removed*  and  the  coal  is 
dug  out  like  stones  from  an  open  quarry  *. 

Coal  has  been  discovered  in  New  Holland,  on 
the  banks  of  Hunter’s  River,  now  called  Coal 


* Phil.  Mag.  vol.  xxv.  p.  189. 
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River,  from  the  abundance  of  that  combustible 
found  on  its  banks;  a discovery  which  must 
prove  of  inestimable  value  to  the  infant  colony 
of  New  South  Wales.  The  mouth  of  the  river 
where  the  coal  is  found  is  nearly  in  the  latitude 
33°  South.  No  precise  account  is  given  of  the 
™“™1  Wf*  rf  «»>.  or  ,cSc„mp„„ing 
stiata.  It  is  only  stated  generally,  that  the  stra- 
ta of  coal,  which  are  of  various  qualities  and 
degrees  ol  thickness,  run  from  one  side  to  the 
other  of  the  mountain  in  which  they  are  distri- 
buted. But  some  notion  may  be  formed  of  the 
abundance  of  this  fuel,  when  we  are  informed 
that  40  tons  were  dug  out  and  put  on  board  a ves- 
sel in  11  days,  one  man  only  being  employed  in 
the  mine.  This  circumstance  shows  that  the  bed 
of  coal  must  be  of  considerable  thickness,  and  that 
it  lies  near  the  surface.  Similar  strata  of  coal  were 
observed  in  an  island  at  the  mouth  of  the  river  • 
but  it  is  described  as  being  of  an  inferior  quality5 
Plenty  of  iron  ore,  it  is  said,  and  some  indict 

tions  of  copper  ore,  were  also  found  in  the  vici- 
nity  of  the  coal  district  *. 


* Grant’s  Narrative  of  a Voyage  of  Discovery*  p.  >49. 
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SECT.  IV. 


OF  SEARCHING  FOR  COAL. 

T*he  incalculable  advantages  to  be  derived  trom 
abundance  of  coal,  not  only  for  domestic  pur- 
poses, but  as  the  foundation  of  numerous  impor- 
tant manufactories,  have  very  naturally,  at  all 
times,  excited  a deep  interest  in  mankind  in  the 
discovery  and  acquisition  of  that  valuable  mine- 
ral. With  the  obvious  tendency  to  hope  and  be- 
lieve what  is  wished  and  strongly  desired  to  be 
true,  it  is  little  to  be  wondered  at  that  men  have 
been  often  deceived  and  disappointed,  whether 
misled  by  the  fanciful  systems  of  the  speculative, 
or  imposed  on  by  the  specious  arts  of  the  piacti- 
cal  discoverers  of  coal.  Because  one  man  pos- 
sesses an  excellent  workable  coal,  his  neighbour 
can  see  no  reason  why  the  contiguous  territory 
should  be  destitute  of  the  same  mineral  riches. 
Unacquainted,  perhaps,  with  the  narrow  limits  of 
coal  districts  in  general,  and  overlooking  the  dis- 
turbances and  dislocations  that  may  have  taken 
place  in  the  strata,  or  not  adverting  to  the  com- 
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mencement  of  a new  series-  of  rocks,  he  is  encou- 
raged to  prosecute  expensive  and  fruitless  re- 
searches ; the  result  of  which,  from  an  accurate 
knowledge  of  the  natural  history  of  coal,  might 
have  been  certainly  predicted  to  be  loss,  vexation, 
and  disappointment. 

It  is  not  my  intention  at  present  to  enter  into  a 
detailed  account  of  the  methods  of  searching  for 
coal ; and  indeed  the  minute  directions  on  the 
subject  already  given  by  the  Author*  render 
this  unnecessary.  I shall  therefore  only  throw 
out  some  general  cautions,  the  observance  of  which 
may  be  useful  in  the  proceedings  to  be  adopted  in 
researches  of  this  kind ; and  these  cautions,  it  ought 
to  be  noticed,  although  in  some  cases  they  may  ad- 
mit of  a more  extensive  application,  refer  chiefly 
to  Scotland. 

In  the  first  place,  when  hopes  of  finding  coal,  in 
places  without  the  boundary  of  the  general  coal 
district  of  Scotland,  are  encouraged  even  by  what 
may  be  considered  as  favourable  appearances,  the 
proprietor  or  adventurer  in  the  speculation  on 
whom  the  expense  of  the  research  falls,  ought  to 
proceed  with  the  utmost  diffidence  in  so  doubtful 
an  investigation,  where* so  many  chances  of  a suc- 
cessful discovery  are  against  him  : For  he  may  be 
assured,  that  the  nature  of  the  rocks,  almost  in  all 

r ' . . **  ■ ‘ * * 1 , 
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places  of  Scotland  beyond  the  limits  already  de- 
scribed, absolutely  precludes  the  hope  of  discover- 
ing coal  in  such  situations.  Slight  indications  of 
that  combustible  may  sometimes  occur ; strata  of 
sandstone,  not  very  unlike  the  sandstone  which 
accompanies  coal,  with  beds  of  ironstone  and  bi- 
tuminous shale,  may  present  themselves,  and  even 
a thin  stratum  of  coal  itself  may  occasionally  ap- 
pear ; but  a workable  seam  of  good  coal  is  scarce- 
ly at  all  to  be  expected.  Of  this  kind  were  the 
researches  for  coal  in  Sutherland  and  Caithness, 
which  were  carried  on  a few  years  ago  at  an  ex^ 
pense  to  government  of  more  than  L.  1000 ; every 
penny  of  which  might  have  been  saved,  had  suffi- 
cient attention  been  paid  to  the  natural  history  of 
coal  and  its  accompanying  strata.  Not  many 
years  before,  a similar  expense  of  at  least  half  the 
amount,  which  was  defrayed  by  the  subscriptions 
of  private  individuals,  was  incurred  in  the  same 
fruitless  attempt. 

Great  encouragement  has  been  held  out  to  the 
proprietors  of  Dumfries- shire,  to  indulge  the  hope 
of  discovering  coal  in  different  places  of  that 
county  ; and  in  that  hope#  no  trouble  or  expense 
has  been  spared  in  prosecuting  the  discovery: 
But  from  the  nature  of  the  rocks,  so  far  as  I have 
had  an  opportunity  of  examining  them,  from 
the  report  of  surveys*  made  on  purpose,  and, 


* Jameson’s  Mineralog.  Survey. 
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above  all,  from  the  actual  examination  of  the 
strata  by  boring,  I think  it  may  be  safely  assert- 
ed, that  there  is  not  one  favourable  indication  of 
coal  in  any  part  of  that  county,  excepting  the  small 
patches  at  Cannoby  and  Sanquhar,  where  it  is  al- 
ready wrought.  The  nature  of  the  rocks  is  ex- 
ceedingly unfavourable  to  the  existence  of  that 
combustible ; and  perhaps  a more  rigid  compari- 
son of  the  strata  with  those  of  coal  countries,  might 
have  precluded  farther  research,  at  least  with  any 
hope  of  success,  and  thus  prevented  the  very  con- 
siderable expenditure  required  for  carrying  it  on 
But  it  appears  to  me  that  this  matter  is  put  beyond 
dispute,  and,  unfortunately  at  the  same  time  for  the 
inhabitants  of  the  county,  even  the  expectation  of 
making  new  discoveries  of  coal  in  Dumfries-shire 
must  be  abandoned  in  consequence  of  the  borings 
above  alluded  to.  It  is  to  be  presumed  that  these 
borings  were  made  in  places  where  the  indications 
of  coal  were  somewhat  favourable ; and  this  beintr 
t e case,  they  afford  littfe  ground  to  hope  for  the 
existence  of  that  mineral  in  other  places,  where 
the  appearances  are  uncertain  and  doubtful  In 
o»«  pi,'.,  a.  Repem ,nce  Twer,  „ea,  Hoddam 
Castle  a shaft  was  sunk  to  the  depth  of  80  feet  • 

nate*6  r6SilIt  ^ thlS  ^ Was  not  more  fortu- 


* See  the  Sketch  of  the  Mineralogy  of  Dumfries  H,-  , 

General  Dirom,  on  the  County  Map  by 
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It  has  been  said  that  part  of  Dumfries-shire 
forms  one  side  of  the  great  bason  which  contains 
the  Cumberland  coal;  and  according  to  this  opi- 
nion, there  is  a strong  probability  of  finding  coal 
in  the  former  county.  It  is  true  that  coal  strata 
are  often  disposed  in  the  form  of  a basin  : but 
this  does  not  hold  universally ; for  there  are  nu- 
merous instances  where  the  inclination  of  the  stra- 
ta of  a coal  district  continues  the  same  through  its 
whole  extent.  It  has  been  said  also,  that  the  red 
sandstone  of  Dumfries-shire  is  of  the  same  nature 
with  that  of  Cumberland,  which  accompanies  the 
coal.  Having  had  no  opportunity  of  examining 
the  red  sandstone  of  Cumberland,  I cannot  decide 
on  this  comparison,  which  I suspect  has  not  been 
accurately  made.  But  I have  no  hesitation  in  as- 
serting, that  no  workable  coal  will  be  found  in  the 
vicinity  of  any  of  the  red  sandstone  of  Scotland. 

But  it  is  not  only  necessary  to  be  cautious  in 
indulging  the  hope  of  discovering  coal  in  places 
beyond  the  general  range  of  the  coal  districts  of 
this  country,  a similar  caution  is  not  less  requisite 
in  searching  for  it  in  places  in  the  immediate  vi- 
cinity of  a workable  seam  of  coal,  where  a change 
is  observed  in  the  distribution  of  the  strata,  or 
where  a new  series  of  rocks  has  commenced.  In 
the  first  case,  where  the  position  of  the  strata  is 
changed,  the  nature  and  extent  of  the  derange- 
ment, or  dislocation  of  the  strata  to  which  the 
change  seems  to  be  owing,  ought  to  be  correctly 
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ascertained ; because  the  seam  of  coal  which  in 
one  field  lies  near  the  surface,  and  is  wrought  with 
profit,  may,  in  consequence  of  the  dislocation  of 
the  strata,  be  thrown  down  to  such  a depth  in  the 
adjoining  field,  that  it  becomes  quite  inaccessible. 

There  is  still  less  hope  of  finding  coal  in  places 
where  a change  in  the  nature  of  the  strata  has 
taken  place,  or  a new  series  of  rocks  has  com- 
menced. The  strata  on  the  banks  of  the  water 
of  Leith  near  Slateford,  and  on  the  estate  of  Craig- 
lockhart  in  the  vicinity  of  Edinburgh,  on  which 
some  expensive  trials  for  coal  were  made  two 
years  ago,  afford  an  illustration  of  this  point;  for 
the  position  of  the  strata,  and  also  the  nature  of  the 
rocks,  are  different  from  what  they  are  in  the  coal 
district,  to  which  they  may  be  considered  as  al- 
most immediately  contiguous.  A thin  seam  of 
coal  was  discovered  in  a quarry,  on  the  north  side 
of  the  road  from  Edinburgh  to  Collington ; and 
m the  expectation  that  it  would  improve  in  thick- 
ness to  the  dip,  shafts  were  sunk  in  several  places- 
but  the  result  of  all  these  trials  proved  unsuccess- 
ful. The  Author  of  the  preceding  work  has  as- 
serted from  extensive  experience,  that  a regular 
bed  of  coal,  after  it  has  been  fully  traced  between 
the  roof  and  pavement,  is  never  found  to  increase 
in  thickness.  Proceeding  on  the  same  opinion, 
which  perfectly  coincides  with  my  own  observa- 
tions, I ventured  to  predict,  with  some  degree  of 
confidence,  that  the  termination  of  the  last  trial 
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which  was  made  would  not  be  more  successful 
than  the  preceding.  Unfortunately  for  that  part 
of  the  country  in  general,  and  for  the  proprietor  in 
particular,  at  whose  expense  the  researches  were 
conducted,  that  prediction  was  fully  verified ; for 
when  the  shaft  was  sunk  to  the  coal,  it  appeared 
no  thicker  than  it  is  found  in  the  quarry  where  it 
was  first  discovered. 

As  coal  strata  are  usually  disposed  in  flat  coun- 
tries, an  ocular  examination  becomes  in  these 
circumstances  impossible.  But  as  it  is  of  great 
importance  to  acquire  an  accurate  knowledge  of 
their  nature  and  thickness,  and  particularly  of  the 
nature  and  thickness  of  the  beds  of  coal  which  are 
expected  in  the  field  before  the  expensive  opera- 
tions of  sinking  shafts  are  undertaken,  information 
of  this  kind  is  obtained  by  boring.  The  appara- 
tus in  common  use  for  this  purpose,  which  is  well 
known  to  miners,  is  not  always  to  be  depended  on 
for  the  accuracy  of  the  results  which  it  affords. 
This  uncertainty  arises  sometimes  from  the  un- 
skilfulness or  fraud  of  those  employed  in  the  ope- 
ration, and  sometimes,  perhaps,  it  is  entirely  ow- 
ing to  unintentional  error.  About  twenty  years 
ago,  a bore  hole  was  put  down  in  a coal  field  in 
Mid  Lothian.  The  operation  was  conducted  by  ex- 
perienced workmen,  and  the  report  announced,  that  a 
bed  of  coal  of  only  a few  inches  thick  was  penetrated, 
where  one  of  considerable  thickness  was  expected, 
and  where  an  excellent  seam  of  six  feet  thick  was 
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afterwards  discovered,  and  has  continued  for  some 
years  to  afford  an  abundant  produce. 

Not  long  since,  a professed  discoverer  of  coal 
undertook  to  search  for  that  combustible,  by  bor- 
ing  in  a distiict  of  Ayr-shire,  where  it  would  have 
been  an  invaluable  acquisition.  In  the  progress  or 
his  labour,  the  inhabitants  were  flattered  with  the 
most  certain  hopes  of  success ; and  at  last,  to  their 
great  joy,  they  were  informed  of  the  welcome  dis- 
covery of  the  object  of  research.  Contributions 
to  defray  the  expense,  and  to  reward  the  disco- 
verer, which  were  formerly  granted  with  a sparing 
hand,  Were  now  liberally  made ; and  specimens  of 
the  coal,  in  the  form  of  powder,  in  which  state  it 
can  only  be  obtained  from  the  nature  of  the  ope- 
ration, were  exhibited.  But  as  the  fraudulent  are 
not  always  consistent,  some  deviations  in  the  nar- 
rative of  his  proceedings  excited  suspicion,  and 
led  to  an  investigation ; in  the  course  of  which  it 
appeared,  that  the  coal  produced  in  the  day  was 
secretly  conveyed  into  the  bore  hole  during  the 
night.  It  must  be  noticed,  that  the  rocks  selected 
for  the  scene  of  the  above  operations  are  red  sand- 
stone, in  which  coal  can  never  be  expected. 

An  apparatus  for  boring  has  been  proposed  by 
r James  Ryan  of  Queen’s  County  in  Ireland; 
the  judicious  application  of  which  may  certainly 
correct  the  errors  and  prevent  the  frauds  now 
a u e to  This  instrument,  for  the  use  of  which 
Mr  Ryan  has  secured  the  exclusive  privilege.br 
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patent,  is  an  auger  with  teeth,  something  in  the 
form  of  the’  trepanning  instrument  of  surgeons* 
Its  superiority  over  the  boring  instrument  in  com- 
mon use  consists  in  this,  that  a solid  cylinder  or 
core  of  the  rocks  through  which  the  instrument 
passes,  can  be  obtained  \ and  in  this  way  their  na- 
ture and  thickness  can  be  more  precisely  ascer- 
tained, than  When  they  are  reduced  to  the  state  ot 
powder  by  means  of  the  chisel  of  the  old  instru- 
ment. ' Cores  or  cylinders  from  2 inches  to  2 feet 
in  diameter,  and  from  6 inches  to  5 feet  in  length, 
according  to  the  dimensions  of  the  borer  employed, 
can  be  formed,  and  they  are  extracted  fiom  time  to 
time  by  means  of  a pair  of  self-closing  tongs.  But  this 
is  not  the  only  advantage  of  Mr  Ryan’s  apparatus. 
If  the  cylinders  produced  be  not  of  too  small  dia  - 
meter, not  under  0 or  8 inches,  by  placing  them, 
after  they  are  brought  up,  in  their  relative  posi- 
tion with  respect  to  the  points  of  the  compass,  an 
accurate  knowledge  ol  the  inclination  of  the  strata 
may  be  acquired.  After  the  core  is  formed  by 
the  auger,  and  the  borer  is  drawn  up,  another  in- 
strument is  introduced  for  the  purpose  of  marking 
the  top  of  the  core  with  two  lines  at  right  angles 
to  each  other.  One  of  the  lines  may  be  thicker 
than  the  other,  or  be  otherwise  distinguished  to 
denote  north  and  south ; and  the  impression  being 
made  to  correspond  with  the  cardinal  points, 
shows  exactly  what  was  the  natural  position  ot 
the  cylinder,  and  consequently  of  the  whole  stra- 
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tuin.  This  is  a most  important  piece  of  informal 
tion  in  directing  the  future  operations  of  a coal 
field  which  has  been  hitherto  unexplored. 

Ryan  s boring  machine  has  been  much  ap- 
proved of  by  the  Dublin  Society,  the  Board  of  A- 
griculture  of  London,  Mr  Dickinson  of  the  Seaton 
Iron  Works  near  Workington,  and  Mr  Curwen  of 
the  same  place,  who  have  either  seen  the  machine 
actually  at  work,  or  the  cylinders  produced  by  it. 
The  following  is  the  account  of  its  operation  by 
Mr  R.  L.  Edgeworth,  in  an  experiment  made  in 
presence  of  that  gentleman : “ Two  men,”  he  says, 

“ relieyed  from  ‘'me  to  time,  cut  a truly  circular 
hole  5i  inches  in  diameter,  through  a block  of 
hard  limestone,  leaving  a core  a little  taper  of 
inches  diameter,  and  6i  in  length,  which  core  is 
now  in  my  possession.  It  is  as  true  and  as  smooth 
as  if  turned  and  polished  in  a lathe,  and  the  under 
surface  shows  exactly  the  fracture  by  which  it  was 
detached  from  the  block  at  bottom. 

“ B?  this  contrivance  mines  may  be  ventilated 
at  small  expense ; the  specimens  of  strata  that  are 
bored  through  may  be  brought  up  whole  and  un- 
mixed, no  deception  can  take  place  j and  not  only 
the  dip,  but  the  fracture,  lap,  and  accidents  to 
which  each  stratum  is  liable,  may  be  determined 
at  any  depth.  True  vertical  and  horizontal  sec- 
tions may  be  previously  obtained  of  any  spot 

" ere  11  ls  ProPosed  to  sink  shafts ; and  the  sub- 
terraneous topography. of  a whole  district  m,J 
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be  laid  down  upon  a map  with  great  confidence, 
before  any  great  expense  is  hazarded  on  mere  spe- 
culation 

But  in  justice  to  a very  ingenious  man,  Mr  Scott 
of  Ormiston  in  East  Lothian,  it  must  be  observed, 
that  an  instrument  exactly  of  the  saitie  nature  has 
been  long  employed  by  him  for  the  purpose  of 
extracting  a Core  or  cylinder  of  the  coal,  and  thus 
ascertaining  its  thickness.  About  a year  ago  I had 
an  opportunity  of  seeing  the  individual  instrument 
Used  by  Mr  Scott.  I do  not  know,  however,  that 
it  was  ever  applied  to  rocks  in  general,  or  in  any 
other  way  but  to  determine  the  thickness  of  the 
coal  when  it  is  discovered  by  the  common  appa- 
ratus. In  this  general  method  of  using  the  new 
apparatus,  therefore,  Mr  Ryan’s  exclusive  privilege 
i nay  perhaps  be  considered  as  perfectly  entire. 


CHAP.  IV. 

OF  THE  NATURAL  HISTORY  OF  METALLIC  ORES. 

f , « i - » 

Metallic  substances,  as  they  exist  in  the  ore* 
from  which  they  are  extracted,  are  found,  either 
in  the  state  of  native  metal,  and  in  this  state  they 
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are  usually  alloyed  with  some  other  metal,  as  gold, 
"with  silver  or  copper  ; or  in  the  state  of  sulphu- 
ret, when  they  are  combined  or  mineralized  with 
sulphur;  or  in  the  state  of  oxide,  when  they  are  com- 
bined with  oxygen  ; or  in  that  of  salt,  as  they  ar£ 
united  with  acids.  Some  metals,  as  gold  and  plati- 
na,  have  never  been  found  but  in  the  metallicstate; 
because  they  are  with  difficulty  acted  on  by  che- 
mical agents,  while  other  metals  are  never  met  with 
in  the  metallic  state,  in  consequence  of  the  strong 
affinity  between  them  and  the  substances  with 
which  they  are  usually  combined ; but  there  are 
others  still  which  exist  in  all  the  different  states 
above  enumerated.  Silver  is  an  example  of  this, 
as  it  is  found  native,  in  the  state  of  sulphuret,  in 
that  of  oxide,  and  also  in  the  state  of  salt. 

Some  metallic  ores  exist  in  great  abundance  in 
nature,  while  others  are  very  sparingly  distributed. 
Gold  is  met  with  in  almost  every  country  of  the 
world,  but  in  most  places  in  small  quantity.  Iron 
is  abundantly  and  universally  diffused.  The  repo- 
sitory of  some  metallic  ores  is  sometimes  limited  to 
a very  few  spots  on  the  surface  of  the  earth.  Thus 
platina  has  only  been  found  in  two  or  three  places 
m South  America ; a very  sligffit  trace  of  it  only 
has  been  met  with  in  any  other  country.  Mines 
of  tin  are  only  known  in  a very  few  countries. 
Some  metallic  ores,  again,  are  disposed  in  very 
considerable  masses,  as  galena  or  the  sulphuret  of 
lead ; others  are  met  with  in  smaller  quantity,  and 
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usually  accompany  other  ores,  as  the  ores  of  zinc, 
which  are  generally  found  in  lead  and  copper 
mines;  and  the  ores  of  bismuth,  cobalt,  and 
nickel,  which  are  usually  also  met  with  in  mines 
of  copper  and  lead. 
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SECTION  I, 

ORES  OF  PLATINA. 

This  metal  always  exists  in  the  metallic  state, 
and  it  is  usually  found  in  the  form  of  small,  flat, 
or  rounded  grains.  The  colour  is  light  steel  gray, 
or  silver  white ; it  is  ductile,  and  in  thin  plates 
flexible.  Specific  gravity  15*6  to  17*7;  but  when 
purified  and  hammered  23-  Platina  is  infusible 
without  addition,  or  in  the  focus  of  a burning- 
glass,  or  exposed  to  the  action  of  oxygen  gas.  It 
is  only  soluble  in  nitro- muriatic  acid,  and  does  not 
amalgamate  with  mercury. 

Platina  was  first  known  in  Europe  about  the 
year  1748,  and  till  lately,  that  Vauquelin  detected 
about  one  tenth  of  this  metal  in  a gray  silver  ore 
'from  the  mine  of  Guadalcanal  in  Spain,  it  was 
^nly  found  in  South  America,  and  in  alluvial 
foil  which  is  covered  with  rounded  masses  of 
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basalt;  so  that  its  native  repository  is  unknown. 
The  platina  is  accompanied  with  particles  of  gold 
and  iron,  and  with  another  ore,  which  contains 
two  of  the  new  metals,  osmium  and  iridium  : this 
ore  is  not  malleable.  Rhodium  and  palladium, 
iwo  other  new  metals,  are  alloyed  with  platina. 


SECTION  II. 

ORES  OF  GOLD. 

Gold,  although  one  of  the  scarcest  metals,  is  uni- 
versally distributed.  It  is  most  frequently  found 
disseminated,  or  in  detached  grains,  or  in  a reticu- 
lated or  dendritical  form,  and  sometimes  crystal- 
lized. The  specific  gravity  of  pure  gold  is  19*64. 
The  colour  of  the  ores  of  gold  varies  according  to 
the  nature  and  proportion  of  its  alloy.  This  alloy 
is  usually  silver  or  copper,  and  sometimes  iron,  or, 
it  is  supposed,  a small  portion  of  platina. 

Repositories  of  Gold. — Gold  is  frequently  found  in 
primitive  mountains,  where  it  is  usually  distributed 
in  veins,  and  sometimes  disseminated  in  the  rock 
itself.  The  gangue  or  the  matrix  of  gold,  or  the 
substances  which  accompany  it,  are  quartz,  feldt> 
spar,  limestone,  pyrites,  some  of  the  ores  of  silver 
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and  galena.  It  is  also  met  with  in  combination  with 
manganese*  cobalt,  and  nickel.  Gold  has  also  been 
found,  it  is  said,  in  fossil  substances,  as  in  petrified 
wood  penetrated  with  siliceous  earth,  a mass  of 
which  was  dug  out  at  the  depth  of  50  fathoms  id 
an  argillaceous  breccia,  or,  as  is  supposed  by  some, 
a porphyry  having  an  argillaceous  basis,  in  Tran- 
sylvania. This  fact  is  assumed  as  a proof  of  the 
more  recent  formation  of  gold ; and  this  opinion 
is  farther  confirmed  by  the  discovery  of  Patrin, 
who  found  native  gold  surrounded  by  muriate  of 
silver  in  the  mine  of  Zmeof  in  Siberia  ; and  mu- 
riate of  silver  is  considered  as  comparatively  a late 
production. 

But  gold  is  also  common  to  alluvial  soil,  where 
it  is  disseminated  in  grains,  along  with  siliceous, 
argillaceous,  and  ferruginous  sand,  which  are  the 
principal  component  parts  of  certain  soils.  It 
is  also  met  with  in  the  sand  of  many  rivers.  It 
has  been  observed  that  the  gold  is  most  abundant 
in  the  sand  of  rivers,  when  the  waters  are  at  the  low- 
est, and  particularly  soon  after  floods ; from  which 
it  is  inferred,  that  the  gold  is  carried  down  along 
with  the  earthy  matters  which  are  swept  off  by 
the  violence  of  the  current.  It  has  been  supposed 
too,  that  the  gold  found  in  the  bed  of  rivers  has 
been  detached,  with  the  force  of  the  waters  from 
the  veins  of  the  primitive  rocks,  which  are  tra- 
versed by  these  currents;  and,  according  to  this 
opinion,  attempts  have  been  made  to  trace  the 
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source  of  these  auriferous  sands,  in  the  hope  of 
discovering  the  native  repository  of  that  precious 
metal:  but  these  attempts  have  usually  failed  • for 
it  appears  that  the  gold  is  peculiar  to  the  alluvial 
soil  through  which  the  stream  is  carried,  and  is  li- 
mited to  the  very  spot  where  the  gold  is  collected, 
ihis  point  seems  to  be  fully  established  by  the  ob- 
servations of  naturalists.  1.  The  soil  of  certain 
plains  through  which  rivers  flow,  frequently  con- 
tains, to  a certain  depth,  and  in  particular  places 
particles  of  gold.  2.  The  bed  of  the  auriferous 
rivers  yields  a greater  proportion  of  gold,  after 
the  plains  which  are  traversed  by  these  rivers 
have  been  flooded.  3.  It  has  been  very  gene 
rally  observed,  that  gold  is  found  in  the  sand-  of 
rivers  in  a very  limited  space.  When  the  sand  of 
t.iese  rivers  is  examined  higher  up,  and  nearer  to 
their  source,  no  gold  is  found;  so  that  if  this  metal 
were  derived  from  the  rocks  which  are  abraded 
by  the  currents,  the  quantity  would  be  greatest 
nearest  to  their  sources ; but  observation  has  prov- 
ed the  contrary.  Thus  the  river  Oreo  contains  no 
gold  out  in  that  part  of  its  course  between  Pont 
and  the  place  where  it  joins  the  Po.  The  river 
tesin  affords  , no  g0Id  till  it  has  traversed  Jake 
1 jor  where  its  course  must  have  been  retarded 
anc  where  all  the  heavy  particles  of  matter  which  it 
carried  along  with  it  from  the  primitive  mountains 
must  have  been  deposited.  The  quantity  of  gold 
' o lected  on  the  Rhine  near  Strasburgh  is  greater 
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than  what  is  found  near  Basle,  which  is  more  in 
the  vicinity  of  the  mountains.  No  gold  has  been 
discovered  in  the  sands  of  the  Danube  during  the 
first  part  of  its  course ; it  is  only  in  the  plains  be- 
low Efferding,  which  are  traversed  by  that  river, 
that  the  sands  become  auriferous.  A similar  re- 
mark is  applicable  to  the  river  Ems : the  sands  of 
the  upper  part  of  that  river,  as  it  traverses  the 
mountains  of  Styria,  contain  no  gold ; but  from 
the  place  where  it  enters  the  plain  at  Steyer,  till  it 
join  the  Danube,  the  sands  are  auriferous,  and 
sufficiently  rich  to  be  washed  with  advantage. 

As  a farther  illustration  of  the  natural  reposi- 
tories of  gold  being  limited  to  particular  spots, 
other  facts  may  be  noticed.  The  river  Nera  in 
the  Bannat  of  Temeswar,  in  Upper  Hungary, 
has  been  long  known  to  yield  gold  dust.  The  strata 
on  the  banks  of  this  river  are,  1.  about  a foot  of 
vegetable  mould ; 2.  two  feet  of  loam  ; 3-  pebbles 
and  calcareous  earth,  U feet ; 4-  pebbles,  pieces  of 
other  rocks,  mica,  garnets,  and  iron  sand,  3 feet 
This  last  is  the  stratum  which  affords  the  gold 
dust.  In  examining  the  extent  of  the  gold-im- 
pregnated stratum,  a shaft  was  sunk  to  the  depth 
of  If  fathom  ; 30  loads  of  the  sand  were  dug  out 
from  this  pit,  and  being  washed,  yielded  2 grains 
of  cold.  Another  shaft  was  sunk  28  tathoms  neaiei 
to  the  foot  of  the  mountains,  and  the  same  quan- 
tity of  sand  being  dug  out  and  washed,  produced 
only  half  a grain  of  gold.  At  the  distance  of  22 
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fathoms  to  the  south,  another  shaft  was  sunk,  but 
the  strata  through  which  it  was  carried  were  en- 
tirely different.  This  gold-impregnated  stratum 
not  only  becomes  poorer  as  it  approaches  the 
mountains,  but  it  has  been  also  observed  to  be- 
come richer  in  proportion  to  its  depth  under 
ground.  The  iron  with  which  the  gold  is  ac- 
companied in  this  stratum  is  in  the  form  of 

black  shining  particles,  which  aie  attracted  bv 
the  magnet.  7 

In  the  history  of  the  gold-impregnated  stratum 
now  described,  it  is  stated  that  it  rests  on  a bed  of 
coal ; and  this  fact  leads  to  an  opinion  that  coals 
are  to  be  found  in  every  gold-washing  ground. 
In  support  of  this  opinion,  it  is  mentioned,  that 
coal  beds  appear  every  where  on  the  banks  of  the 
Danube  and  the  Eras,  where  gold  is  found,  and 
particularly  on  the  banks  of  the  Danube  from 
Vienna  to  Passau*.  But  it  is  remarked,  that 
the  gold-impregnated  stratum  on  the  banks  of 
the  Nera  does  not  correspond  in  its  position  to 
the  inclination  ot  the  strata  of  coal  and  marl 
winch  it  immediately  covers-  it  is  constantly 
found  parallel  to  the  turf  and  vegetable  mould/ 
Most  of  the  auriferous  sands  in  all  parts  of  the 
world  are  of  a black  or  reddish  colour,  and  are  con 


This  fact  docs  not  hold  universally  * for  * 
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sequently  ferruginous.  This  circumstance,  con- 
nected with  the  gold  of  alluvial  sand,  has  led  na- 
turalists to  suppose  that  it  is  owing  to  the  decom- 
position of  auriferous  pyrites.  It  was  observed  by 

Reaumur,  that  the  sand  which  accompanies  the  gold 

of  most  rivers,  and  especially  that  of  the  Rhone  and 
the  Rhine,  resembles  the  gold  sand  of  Ceylon.  It  is 
composed  of  particles  of  iron,  and  small  grains  of 
rubies,  corundum,  and  hyacinth.  Titanium  has 
also  been  detected  in  the  same  sand.  The  gold 
obtained  from  alluvial  soil  is  supposed  to  be  purer 
than  that  which  is  immediately  obtained  from  so- 
lid rocks;  and  from  this  it  is  supposed  that  its  ori- 
gin has  been  ditlerent. 

It  seems  to  be  doubtful  whether  gold  is  to  be 
considered  as  a volcanic  production,  or  whether  it 
has  been  met  with  in  any  volcanic  territory. 

Such  are  some  of  the  general  facts  relative  to 
the  repositories  of  gold.  It  remains  now  that  I 
notice  the  more  remarkable  places  where  gold 
has  been  found  and  collected ; and  I shall  begin 
■with  those  of  Europe. 

Scotland. — It  would  appear  that  gold  was  col- 
lected at  a very  early  period  in  Scotland,  and  par- 
ticularly in  the  mining  field  of  Leadhills.  Ihe 
most  extensive  operations  for  that  purpose  were 
carried  on  by  Bulmer,  an  Englishman,  in  the  time 
of  Queen  Elizabeth.  The  trenches,  heaps  of  soil 
that  were  turned  up,  and  other  marks  of  these 
operations,  are  yet  visible  near  the  road  between 
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Leadhills  arid  Elvanfoot,  arid  still  retain  the  name 
of  Bulmer’s  Workings ; and  the  place  where  the 
gold  was  washed  is  still  called  the  Gold  Scour. 
At  that  time,  it  is  said  300  men  were  employed 
in  searching  for  gold  ; and  in  the  course  of  a few 
summers  a quantity  was  collected  equal  in  value 
to  L.  100,000  Sterling.  Not  many  years  ago,  si- 
milar operations  were  resumed  by  the  advice  of  a 
German.  Gold  was  still  found ; but  I do  not  un- 
derstand that  the  quantity  collected  was  equal  to 
the  expense.  During  the  last  attempt,  the  opera- 
tions were  carried  on  under  the  superintendence 
of  the  late  Mr  John  Taylor,  manager  of  the  lead 
mines  at  Wanlockhead.  The  gold  was  found  im- 
mediately under  the  vegetable  soil;  and  the  method 
of  conducting  the  operation,  was  to  direct  a small 
stream  of  w^ater,  so  as  to  carry  this  soil  along  with 
it  to  basins  or  hollow  places,  Where  the  water  might 
deposit  the  matters  carried  down  by  the  force  of 
its  current.  The  matter  thus  deposited  was  re- 
peatedly washed  till  the  wThole  of  the  earthy  sub- 
stances were  carried  off.  The  gold  being  heaviest 
sunk  to  the  bottom,  and  remained  behind.  Mr 
Taylor  informed  me  of  a curious  fact,  which  he 
obseived  during  the  progress  of  these  operations. 
He  found  that  the  gold  was  always  most  abun- 
dant near  the  top  of  the  lead  veins,  that  is,  near 
the  place  where  the  veins  come  to  the  surface,  as 
they  traverse  that  country.  He  was  so  satisfied  of 
this  circumstance,  that  he  could  tell,  merelv  by 
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the  quantity  of  gold  increasing  or  diminishing, 
when  they  approached  to  a vein,  or  receded  from 
it.  Does  this  fact  show  any  connexion  between 
metallic  veins  and  the  formation  or  deposition  of 
gold  ? 

The  soil  of  that  country  still  furnishes  gold ; but 
whether  the  quantity  be  less  than  formerly,  or  the 
expense  of  collecting  it,  in  consequence  of  the  dif- 
ference in  the  price  of  labour,  be  greater,  the  pro- 
duce is  by  no  means  equal  to  the  expenses.  Search- 
ing for  gold,  therefore,  is  now  regarded  only  as 
an  amusement,  and  occasionly  occupies  the  lei- 
sure hours  of  some  of  the  miners. 

Ireland. — The  alluvial  soil  in  other  places  of  the 
British  empire  also  furnishes  gold.  In  the  year 
ITD6,  a piece  of  gold,  about  half  an  ounce  weight, 
was  found  by  a man  in  the  stream  of  a small  river 
on  the  mountains  of  Wicklow  in  Ireland.  This 
excited  the  attention  of  the  country  people,  who 
began  to  search  for  gold,  and  continued  their  ope- 
rations for  nearly  two  months,  when  they  were  in- 
terrupted by  an  order  from  government.  It  is  said 
that  the  sum  of  L.  10,000  Irish  was  paid  for  the 
gold  found,  and  sold  on  the  spot;  the  average 
price  at  which  it  was  sold  was  L.  3*  15s.  per 
odnce,  making  the  total  amount  of  the  gold  col- 
lected at  that  time  equal  to  2666  ounces.  The 
ore  was  so  pure  that  its  specific  gravity  was  1&, 
and  24  grains  yielded,  when  assayed,  above  22i 
grains  of  gold.  The  greater  part  of  it  was  en- 
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tireJy  free  from  stony  matter;  but  some  of  it  was 
attached  to  quartz,  or  a fine  grained  ironstone, 
and  sometimes  disseminated  in  those  minerals.' 
In  the  course  of  the  operations,  several  masses  of 
native  gold,  exceeding  an  ounce  in  weight,  were 
found  in  the  soil.  One  mass  was  discovered  which 
weighed  5 ounces,  and  another,  amounting  to  no 
less  than  22  ounces;  which  latter  is  said  to  be  the 

largest  specimen  of  native  gold  ever  discovered  in 
Europe. 

The  space  where  the  gold  was  collected  is  of  very 
limited  extent,  not  exceeding  350  yards  along  the 
banks  of  the  brook  mentioned  above  in  which 
the  first  piece  of  gold  was  found.  The  brook  is 
only  about  six  or  seven  feet  wide ; and  before  the 
operations  commenced,  had  formed  its  channel 
down  to  the  surface  of  the  rock.  The  banks  of 
this  small  stream  in  the  above  limited  space  are 
composed  of  a stratum  of  sand  and  gravel  about 
five  feet  thick,  which  reposes  immediately  on  a rik 

*■  • _ ^ ^ is  intersected 

.7  ,VrS  of  quartz-  11  is  from  this  sandy  stratum 
that  the  particles  of  gold  were  extracted  by  wash- 
ing m the  manner  already  described  *. 

France.  A mine  of  gold  was  discovered  in  1781 
at  Gardette,  in  the  valley  of  Oysans,  and  in  the 
department  of  Isere  in  France.  This  was  a regu- 


* Eraser’s  Wicklow,  p,  19, 
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far  vein  of  quartz,  traversing  a gneiss  mountain 
and  containing  auriferous  sulphuret  of  iron,  be- 
sides some  fine  specimens  of  native  gold ; but  the 
quantity  obtained  was  found  unequal  to  the  ex- 
pense of  the  operations.  Many  of  the  rivers  of 
that  country,  such  as  the  Rhone,  the  Rhine,  the 
Garonne,  as  well  as  others  of  smaller  note,  furnish 
auriferous  sand;  and  gold,  it  is  said,  is  found 
among  the  black  sand  and  particles  of  morassy 
iron  ore  in  the  vicinity  of  Paris. 

At  the  foot  of  mount  Rosa  in  Piedmont,  veins  oi 
auriferous  sulphuret  of  iron  traversing  gneiss  rocks 
have  been  discovered  ; and  although  the  pyntes 
do  not  yield  more  than  10  or  11  grains  of  gold 
from  the  quintal,  it  has  been  found  worth  while  to 
continue  the  operations.  Some  of  the  livers,  and 
Various  parts  of  the  soil  on  the  south  side  of  the 
Appenine  mountains,  are  also  auriferous* 

Spain  and  Portugal — have  been  famous  from  the 
earliest  times  as  repositories  of  gold,  not  only  in 
alluvial  soil,  and  the  beds  of  rivers,  but  also  in  re- 
gular veins ; and  it  is  supposed  would  still  be  the 
richest  country  in  Europe  for  that  precious  metal, 
were  it  not  that  the  colonial  territories  of  those 
countries  afford  it  in  greater  abundance.  Gold  was 
collected  in  the  peninsula  by  the  Phoenicians,  an^ 
afterwards  by  the  Romans.  The  latter  people  ob- 
tained annually  30,000  marks,  or  240,000  ounces 
of  gold  from  that  country,  and  chiefly  from  Por- 
tugal, Galhcia,  and  the  Astunas, 
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Schemnitz  and  Cremnitz  are  the  most  remark- 
able places  in  Europe,  not  only  for  mines  of  gold* 
but  also  for  auriferous  sands.  The  gold  of  Schem- 
nitz is  accompanied  by  silver,  lead,  and  iron  p yu 
rites,  and  .the  matrix  is  quartz.  The  celebrated 
gold  mine  of  Nagyag  furnishes  gold  in  combination 
with  native  tellurium  ; and  in  the  mine  of  Edelfors 
in  Sweden,  native  gold  and  auriferous  iron  pyrites 
are  deposited  in  a vein  of  brown  quartz,  which  tra- 
verses a mountain  of  schistose  hornstone;  The  gold 
is  also  met  with  disseminated  in  the  rock  itself. 

Asia . — The  whole  extent  of  the  immense  con- 
tinent of  Asia  furnishes  gold  in  greater  or  smaller 
proportion.  The  Siberian  mines,  and  particularly 
that  of  Beresof,  yield  auriferous  pyrites  in  a state 
of  partial  decomposition,  and  disseminated  in  a 
vein  Of  quartz.  In  the  southern  parts  of  Asia,  the 
sands  of  many  of  the  rivers  contain  gold.  The 
Pactolus,  a small  river  of  Lydia,  is  celebrated  in 
antiquity  for  the  great  quantity  of  gold  which  it 
afforded,  and  is  supposed  to  have  been  one  of  the 
chief  sources  of  the  extraordinary  riches  of  Croe- 
sus. The  numerous  islands  of  the  Indian  Archi- 
pelago, as  Java,  Japan,  Formosa,  Ceylon,  Sumatra, 
Borneo,  and  the  Philippines,  have  been  long  cele- 
brated for  the  quantity  of  gold  which  they  afford 
and  are  supposed  to  be  rich  in  that  precious  metal 
at  this  day.  In  the  extensive  continent  of  India, 

gold  seems  to  be  most  common  in  the  kingdom  of 
Siam. 

Vo l,  II.  ^ a 
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Africa . — Beside  what  was  brought  from  Spain, 
the  greatest  quantity  of  gold  which  the  ancients 
possessed  was  obtained  from  Africa.  The  gold 
of  Africa  still  forms  an  important  article  o t com- 
merce. It  is  always  in  the  state  of  dust,  which  is 
considered  as  a proof  that  it  is  chiefly  extracted 
from  alluvial  soil.  The  northern  parts  of  Africa 
yield  but  little  gold ; but  in  the  middle  and  south- 
ern regions,  there  are  three  or  four  places  remark- 
able for  the  quantity  of  gold  which  they  afford.. 
The.  first  is  that  part  of  the  country  which  lies  be- 
tween Darfur  and  Abyssinia.  The  gold  collected 
there  is  brought  to  market  by  the  negroes  in  quills 
of  the  ostrich  and  vulture.  This  territory,  it  would 
appear,  was  known  to  the  ancients,  who  regarded 
Ethiopia  as  a country  rich  in  gold. 

The  second  principal  source  of  gold  dust  in 
Africa  lies  to  the  south  of  the  great  desert  Zara, 
and  in  the  western  part  of  that  continent.  The 
gold  is  collected  in  that  extensive  flat  which  is 
bounded  by  the  lofty  chain  of  mountains,  among 
which  the  rivers  Senegal,  Gambia,  and  Niger,  have 
their  origin.  Gold  is  also  found  in  the  sands  of  all 
these  rivers.  Bambouck,  which  is  situated  to  the 
north-west  of  these  mountains,  furnishes  the  great- 
est part  of  the  gold  which  is  sold  on  the  western 
coast  of  Africa,  as  well  as  that  which  is  brought  to 
Morocco,  Fex,  and  Algiers,  anil  to  Cairo  and  Alex- 
andria in  Egypt.  It  has  been  emarked  by  those 


371 


ORES  OR  GOLD. 

tvlio  collect  gold  in  that  territory,  that  it  is  most 
abundant  in  an  arid  barren  soil. 

A third  region  of  Africa  where  gold  is  abun- 
dant, lies  on  the  south-east  coast,  between  15°  and 
22  of  south  latitude,  and  nearly  opposite  to  Ma- 
dagascar. The  gold  of  that  country,  it  is  said,  is 
found  riot  only  in  the  state  of  dust,  but  also  in 
veins ; and  it  is  supposed  that  Ophir,  from  which 

Solomon  obtained  gold,  was  a country  on  the  same 
coast. 

Nearer  to  the  equator,  the  gold  coast  supplied 
the  Portuguese,  and  afterwards  the  Dutch,  with 
immense  treasures  in  gold  dust, 

America.— In  modern  times,  America  is  the 
richest  country  of  the  world  in  this  precious  me- 
tal. In  that  country  the  gold  is  chiefly  collected 
m the  alluvial  soil,  and  in  the  beds  of  rivers;  and 
sometimes,  but  more  rarely,  it  is  obtained  from 
veins.  In  Mexico,  the  gold  is  chiefly  found  in 
the  silver  veins,  which  are  numerous  in  that  coun- 
try; All  the  rivers  in  the  province  of  the  Carat- 
cas  about  10°  north  of  the  equator,  furnish  gold, 
n the  Spanish  part  of  America,  gold  is  obtained 
from  the  alluvial  soil  in  Chili,  and  also  in  the  pro- 
vince of  Choco,  where  it  is  more  abundant ; but 

eru  it  is  extracted  from  veins  of  greasy  quartz 
marked  with  ferruginous  spots.  Helms  has  enu- 
merated 30  mines  or  pits,  from  which  gold  is  ob- 
tained in  the  viceroyalty  of  La  Plata,  or  Buenos 
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Ayres.  This  enumeration  includes  not  only  goltf 
veins,  but  also  the  places  in  the  alluvial  soil,  or  the 
beds  of  rivers,  from  which  it  is  obtained  by  wash- 
ing. In  the  argillaceous  slaty  mountains  around 
Mojos,  a town  in  the  same  kingdom,  he  observed 
many  veins  of  quartz  containing  gold,  with  cop- 
per ore,  lead  ore,  and  iron  spar ; and  from  the 
alluvial  soil  near  the  same  place,  gold  is  extracted 
along  with  magnetical  iron  sand.  The  whole  ridge 
of  the  Cordilleras,  from  the  town  of  La  Paz  to 
Sicasica,  abounds  in  rich  gold  ore.  About  80  years' 
ago,  a projecting  part  of  the  rock,,  which  is  argil- 
laceous schistus,  fell  down,  and  from  this  stone 
masses  of  pure  gold,  weighing  from  2l  to  50  lbs. 
were  detached. 

The  following  is  the  quantity  of  gold  obtained 
from  the  Spanish  possessions  in  South  America  m 
the  year  1790,  reduced  to  Sterling  money. 


Mexico  - L.  112,525 
Lima  - 147,126 

Potosi  - 53,722 

St  Jago  - 129,314 


L.  442,687  *. 


The  above  is  the  amount  of  the  gold  coined  in 
the  royal  mints  in  the  course  of  one  year ; but  to-' 

i ■ t * * 


} v - r 

* Helm's  Travels,  p.  141- 
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^lns  must  be  added  a considerable  proportion  o£ 
the  same  metal  fabricated  into  various  utensils  for 
churches,  convents,  and  private  individuals,  be- 
side the  sums  which  are  clandestinely  exported  by 
merchants,  without  being  coined,  which  is  sup- 
posed to  be  equal  to  one  third,  or  even  to  one  half 
of  the  whole  amount. 

A very  gieat  proportion  of  the  gold  of  com- 
merce comes  from  the  Portuguese  possessions  in 
the  Brazils.  In  that  country  it  is  collected  in  the 
alluvial  soil,  and  in  the  sand  of  rivers,  and  extract- 
ed by  washing.  Gold  is  found  almost  every  where 
throughout  that  wide  territory,  along  the  foot  of 
the  immense  chain  of  mountains  which  lies  nearly 

parallel  with  the  coast,  and  extends  from  5°  to  30° 
of  south  latitude. 

A considerable  quantity  of  gold  has  been  of  late 
yeais  collected  in  North  Carolina.  It  is  there  found 
in  alluvial  soil,  or  in  the  beds  of  rivers;  and  itwould 
appear  from  the  chalybeate  springs  which  have 
been  discovered  in  the  territory  which  affords  the 
gold,  that  the  soil  is  ferruginous.  Such  is  the 
abundance  of  gold  found  in  that  soil,  that  a quan- 
tity o t sand  and  gravel  taken  from  a small  spring, 
and  which  could  be  carried  between  the  hands, 
orded,  on  washing,  a piece  equal  to  a dollar, 
an  two  pieces  equal  to  half  a dollar  in  value,  be- 

°l  CS  ^me  smaller  particles.  And  indeed  so  fa- 
voura  e are  the  indications  of  finding  gold  tha* 

a company  has  been  established,  which  has  pur- 
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chased  35,000  acres  of  land,  for  the  purpose  of 
searching  for  gold.  In  a very  short  time  40,000 
dollars  worth  of  gold  was  got  from  a surface  of 
400  acres ; and  the  appearances  were  so  favour- 
able, that  100,000  dollars  worth  was  still  expect- 
ed. The  gold,  it  is  said,  is  perfectly  pure,  and 
requires  no  refining 

I shall  now  conclude  the  sketch  which  has  been 
given  of  the  natural  history  of  gold,  with  a view 
of  the  quantity  of  that  precious  metal  which  is 
annually  obtained  from  the  different  countries  of 
the  Old  and  New  World,  taken  on  an  average  be- 
tween the  years  1790  and  lSQ2f. 

Old  Continent . 

Siberia  - 

Africa 

Hungary  - r 

Saltzburg  - 
Norway  r 

Total  of  the  Old  Continent 

V 

New  Continent . 

: n 

North  Ameri'  \ 

South  America 

Spanish  Possessions 

Carry  forward,  6300 


Kilogrammes* 

1700 

1500 

650 

75 

75 


400©, 


1300 

5000 


* Thornton’s  Lettt  r,  Phil.  Mag.  vol.  xxvii.  p.  261. 
Brongniart,  vol.  ii.  p.  351. 
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Brought  forward,  6.300 
Portuguese  Possessions  7500 

Total  of  the  New  Continent  — 


37o 


13,800 


17,800 

The  kilogramme  being  estimated  at  2 lbs.  3 ox. 
3 drs.  Avoirdupois,  the  whole  amount  is  equal  to 
about  39,285  lbs.  Avoirdupois. 
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ORES  OF  MERCURY, 

Mercury  remains  in  the  liquid  form  in  the  or- 
dinary  temperature  of  the  atmosphere;  but  when 
the  temperature  is  reduced  to  40°  below  .0  of  Fah- 
renheit, it  becomes  solid  and  malic  tble.  When 
solid,  the  sp.  gr.  is  about  15*61. 

Ores  of  Mercury,— The  ores  of  mercury  exist, 
either  in  the  state  of  native  mercury,  or  in  that  of 
alloy  or  native  amalgam ; in  that  of  sulphuret,  or 
cinnabar,  which  latter  is  sometimes  impregnated, 
with  a bituminous  clay ; or  in  that  of  salt,  or  mu- 
tate of  mercury. 
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Native  mercury  is  of  a tin  white  colour,  and  the 
specific  gravity  is  from  13*56  to  13*58. 

Native  amalgam,  which  is  an  alloy  of  from  64 
to  75  of  mercury  with  25  or  36  of  silver,  com- 
municates to  copper,  by  friction,  a silvery  colour. 
It  is  usually  in  the  form  of  thin  plates  or  leaves, 
but  is  sometimes  crystallized  in  octahedrons.  Tbp 
colour  is  also  tin  white,  and  thq  lustre  shining. 

Sulphuret  of  mercury,  or  cinnabar,  is  distin- 
guished by  its  fine  colour,  which  is  cochineal  or 
carmine  red,  and  its  shining  scarlet  red  streak. 
The  spec.  grav.  is  6*Q0  to  7*86.  It  is  usually  cry- 
stallized, and  the  crystals  are  confusedly  grouped 
together.  It  is  entirely  volatilized  before  the  blow- 
pipe, giving  out  a blue  flame,  and  a sulphureous 
odour.  The  constituent  parts  of  this  ore  are,  mei- 
cury  81,  sulphur  15,  with  a small  proportion  of 

iron. 

A variety  of  cinnabar,  of  a brigtiter  red  colour, 
and  of  a fibrous  texture,  which  is  supposed  to  be 
owing  to  an  admixture  of  radiated  sulphuret  of 
iron,  is  sometimes,  but  rarely,  met  with  j and  an- 
other variety,  denominated  alkaline  cinnabar,  is 
supposed  to  be  common  cinnabar  impregnated  with, 
an  alkaline  sulphuret.  A variety  of  cinnabar  is 
known  sometimes  to  exist  in  the  state  of  powder, 
when  it  is  denominated  flowers  of  cinnabar , or  native 

. * V ‘ i A • ‘ * 

vermilion.  . 

Liver,  or  hepatic  ore  of  mercury,  which  is  either 

in  a compact  or  slaty  form,  is  of  a lead  gray  or 
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cochineal  red  colour,  with  a deep  cochineal  red 
and  shining  streak  ; spec.  grav.  7*18  to  7*93.  This 
ore  is  composed  of  cinnabar,  with  a portion  of  in- 
durated bituminous  clay. 

Corneous  ore  of  mercury,  or  muriate  of  mer- 
cury,  is  a late  discovery,  and  it  is  yet  of  rare  oc- 
curience.  This  ore  is  of  a pearl  gray  colour,  and 
is  entirely  volatilized  before  the  blow-pipe,  and 
without  decomposition.  The  constituent  parts  are 
about  70  of  mercury  and  2Q  of  muriatic  acid,  with., 
a small  portion  of  sulphuric  acid. 

Repositories  of  the  Ores  of  Mercury. — Mercury  is 
not  one  of  those  metals  which  is  very  universally 
diffused;  and  although  it  is  accumulated  in  con- 
siderable quantity  in  the  places  where  it  exists, 
'the  repositories  of  this  metal,  so  far  as  they  have 
been  yet  discovered,  are  limited  to  a few  spots  on 
the  globe. 

(0 

The  ores  of  mercury  are  but  rarely  met  with  in 
primitive  mountains.  According  to  Spallanzani, 
a sulphuret  of  mercury  has  been  met  with,  disse- 
minated in  granite,  in  the  Venetian  territory  ; but 
by  far  the  greatest  proportion  of  the  ores  of  that 
metal  are  found  in  secondary  rocks,  as  in  bitumi- 
nous -schistus,  in  compact  limestone  containing 
shells,  in  ferruginous  sandstone,  and  even  in  fer- 
ruginous clay  ; and  the  ores  are  more  usually  dis- 
tributed in  large  confused  masses  than  in  regular 
veins.  Mercury,  it  is  said,  has  been  sometimes 
jpet  with  in  volcanic  territories.  Dolomieu  dis. 
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covered  mercury  sublimed  in  an  ancient  volcan# 
at  Santo  Fiora  in  Tuscany ; but  in  investigating 
this  fact,  it  would  be  necessary  to  ascertain,  whether 
the  ancient  volcano  here  alluded  to  be  not  exact- 
ly of  the  same  nature  \vith  the  basaltic  rocks  of 
this  country,  which  many  of  the  French  geolo- 
gists ascribe  to  a volcanic  origin. 

The  metallic  ores  which  usually  accompany  the 
ores  of  mercury  are,  galena,  or  sulphuret  of  lead, 
sulphuret  of  zinc,  haematites,  iron  pyrites,  silver, 
and  various  ores  of  copper. 

Mines  of  Mercury. — The  principal  mines  of  mer- 
cury are  those  of  DeuX-Ponts  on  the  Rhine,  of  AI- 
maden  in  Spain,  of  Idria  in  Camiola,  and  of  Guan- 
ca  Velica  in  Peru.  This  metal,  indeed,  has  been 
accidentally  met  with  in  small  quantity  in  other 
places,  some  of  which  shall  now  be  noticed. 

Britain. — Excepting  in  one  place,  mercury  ha? 
never  been  found  in  this  country.  About  40  years 
ago,  in  digging  out  the  clay  for  the  foundation  of  a 
house  opposite  to  the  King’s  Arms  Inn,  in  the  street 
called  Hyde  Hill,  in  Berwick  upon  Tweed,  a quan- 
tity of  native  mercury  was  discovered.  The  clay 
being  dug  out,  lay  some  time  in  the  place  to  which 
it  was  conyeyed,  and  the  mercury  was  observed  to 
exude  from  the  small  fissures  or  cracks  which 
were  formed  in  it  as  it  dried ; and  within  the  last 
three  or  four  years,  in  making  some  alteration  in 
the  yard  of  the  same  house,  when  the  workmen  pe- 
netrated into  the  same  bed  of  clay,  it  appeared  i* 

' -V  *•  * 
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be  impregnated  with  native  mercury,  which  ran 
out  in  small  globules.  The  mercury  was  pqt  de- 
posited in  particular  veins,  but  seemed  to  be  dis- 
tributed through  the  whole  body  of  the  clay 

It  has  been  said  that  a small  portion  of  mercury 
was  found  some  years  ago  in  the  island  of  Islay,  on 
the  western  coast  of  Scotland ; but  this  must  have 
proceeded  from  mistake  or  fraud,  for  the  nature  of 
the  rocks  of  that  island  is  such  as  to  preclude  the 
hope  of  discovering  any  of  the  ores  of  that  metal ; 
at  least  they  are  totally  different  from  the  rocks 
which  are  its  usual  repository. 

France. — The  ores  of  mercury  have  beep  found 
only  in  small  quantity  in  France.  The  silver 
mine  of  Allemont  in  Dauphine  has  always  af-r 
forded  a small  proportion  of  mercury  combined 
with  silver,  or  native  amalgam,  and  combined 
also  with  cobalt.  It  is  also  sometimes,  but  rare- 
ly, met  with  in  the  state  of  cinnabar  f.  The  hill 
on  which  the  city  of  Montpellier  is  built  contains 
native  mercury,  as  well  as  some  other  places  in 
its  vicinity.  The  rocks  of  which  it  is  composed 
are  chiefly  a ferruginous  sandstone,  in  a state  of 
decomposition , but  the  only  mine  of  mercury 
which  has  been  wrought  in  France  is  that 
ot  Menildot,  in  the  department  of  La  Manche. 


Commercial  Magazine,  vol.  ii.  p.  204. 
t Jour,  de  Phys.  1786. 
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It  was  first  discovered  about  90  years  ago.  The  ore 
which  consists  of  cinnabar,  combined  with  radiated 
iron  pyrites,  and  exists  also  in  the  state  of  powder, 
or  native  vermilion,  is  deposited  in  a kind  of 
potter’s  clay,  running  in  veins,  in  a rock  of  alu- 
minous schistus*. 

The  mountains  in  which  are  situated  the  mer- 
cury mines  of  the  Palatinate,  and  of  the  duchy  of 
Deux  Ponts,  on  the  left  bank  of  the  Rhine,  con- 
tain a space  of  10  or  12  leagues  in  length  from 
north  to  south,  and  7 or  8 leagues  in  breadth. 
The  prevailing  rocks  are  a brownish  red  or  gray 
Sandstone,  disposed  in  strata  which  are  nearly  ho- 
rizonta  . The  mountain  of  Potzberg  is  composed 
of  a similar  sandstone,  which  is  traversed  in  all 
directions  by  numerous  veins  of  a whitish  clay. 
These  veins  are  nearly  in  a vertical  position,  and 
varying  from  a few  inches  to  several  fathoms  in 
thickness.  The  mercury  is  found  in  these  veins 
in  the  state  of  cinnabar,  and  chiefly  in  contact 
with  the  sides  of  the  vein.  The  sandstone  also 
which  includes  the  vein  is  sometimes  impregnat- 
ed with  cinnabar,  to  the  distance  of  several  fathoms, 
and  particularly  on  the  upper  or  hanging  side  of 
the  vein.  It  was  found  in  working  the  principal 
vein,  that  its  mineral  riches  were  more  abundant 


* Jour,  des  Mines.  No,  vii.  p,  31  f 
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towards  the  surface,  than  when  it  reached  the 
depth  of  about  32  fathoms. 

The  mountains  which  surround  Landsberg  are 
formed  of  horizontal  strata  of  sandstone,  alternat- 
ing with  a fine  grained  black  limestone  and  alu- 
minous schistus,  with  veins  of  coal.  The  moun- 
tain of  Landsberg  itself  is  of  a conical  form,  and 
consists  ot  a rock  described  as  a hornstone,  com- 
posed of  siliceous  earth,  alumina,  magnesia,  and 
abundance  of  ferruginous  particles.  The  magne- 
sia is  deposited  in  cavities  of  the  rock.  At  the 
base  of  the  mountain,  on  one  aide,  there  is  a mass 
of  basaltic  rock,  and  the  whole  of  the  strata  are  in 
a state  of  great  disorder.  The  repositories  of  the 
mercury  are  limited  to  a space  of  about  550  fathoms 
long  by  300  oroad,  and  are  not  less  irregular  than 
the  structure  of  the  mountain.  One  vein  stretches 
through  its  whole  length,  and  has  been  carried  to 
the  depth  of  80  fathoms,  where  it  assumes  a hori- 
zontal position,  and  terminates  in  the  beds  of  schis 
tus.  Of  which  the  base  of  the  mountain  is  W 
This  mine  of  mercury  has  been  wrought  for  three 
centuries;  and  the  ores  which  it  affords  are  chief! y 
cmnabar,  native  amalgam,  and  native  mercurv. 

n the  mines  of  Moerschfeldt,  the  rocks  are 
composed  of  sandstone  and  limestone ; the  ores 
are  eposited  in  an  indurated  clay,  and  are  so 
nch  as  to  yield  one  half  of  their  weight  of  mer! 
ctny  Petnfied  fishes  are  met  with  these  mine" 

1C  are  marked  all  over  with  spots  of  cinnabar’ 
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The  impression  of  the  fishes  is  on  a blackish  slate; 
from  which  it  may  be  separated,  but  they  are  found 
tb  be  very  brittle,  and  not  thicker  than  paper. 

The  mines  of  the  Palatinate,  and  of  the 
duchy  of  Deux-Ponts,  it  is  said,  produce  an- 
nually 67,200  lbs.  of  mercury ; and,  previous  to 
the  year  1794,  the  whole  produce  of  the  mine3 
in  the  mountains  of  Potzberg  amounted  to 
467,042  lbs.  of  mercury. 

Spain. — The  oldest  mine  of  mercury  known  is 
that  of  Almaden  in  Spain.  According  to  Pliny; 
it  was  wrought  500  years  before  the  vulgar  asra, 
and  in  his  time  10,000  lbs.  of  cinnabar  were  trans- 
ported to  Rome,  for  the  purpose  of  being  employ- 
ed in  painting.  This  celebrated  mine  is  situated 
in  a branch  of  the  Sierra  Morena,  on  the  confines 
of  Andalusia,  and  about  15  leagues  to  the  north  of 
Seville.  The  hill  which  contains  it  is  about  1000 
fathoms  in  length,  6Q0  in  breadth,  and  about  120 
feet  high.  It  is  composed  of  the  same  materials 
as  the  neighbouring  mountains,  which  consist  of 
sandstone*  The  surface  of  the  mountain  exhibits 
two  inclined  planes,  which,  uniting  at  the  summit, 
form  a crest  of  rock  nearly  vertical.  This  rocky 
crest,  which  is  entirely  bare,  is  seen  spotted  with 
cinnabar,  and  the  village  of  Almaden  is  chiefly 
built  on  the  cinnabar  itself. 

Two  principal  veins  traverse  the  mountain 
lengthwise,  and  cut  it  vertically.  They  are  from 
two  to  fourteen  feet  in  thickness,  and  throw  oust 


ORES  OF  MERCURY. 


383 


branches  in  different  directions.  Towards  the 
middle  of  the  mountain  they  unite,  and  form  a 
mass  of  mineral  of  100  feet  thick.  The  vein  stones 
are  the  same  sandstone  as  that  of  which  the  moun- 
tain is  composed.  The  finer  grained  matrix  af- 
fords the  greatest  quantity  of  cinnabar;  and  the 
ore  is  sometimes  so  rich  as  to  yield  ten  ounces 
of  mercury  from  the  pound.  From  other  ores 
only  three  ounces  can  be  extracted.  The  sides  of 
the  vein  are  formed  of  a black  slate  in  a state  of 
decomposition,  and  frequently  containing  a good 
deal  of  cinnabar,  as  well  as  large,  round,  and  flat 
masses  of  pyrites,  which  exhibit  internally  some 
spots  of  cinnabar. 

In  other  parts  of  die  mountain  veins  of  aluminous 
^chistus  and  iron  ore,  running  in  the  same  direction 
with  the  mountain,  have  been  discovered.  From 
these  veins  are  extracted  specimens  of  ore,  in  which 
the  iron,  sulphur,  and  mercury  are  closely  com- 
bined. Ihis  fact  has  been  noticed  in  other  mines 
of  mercury;  and  it  shows  that  these  two  metals  are 
found  in  nature  in  a state  of  combination,  although 
it  cannot  be  effected  by  means  of  art. 

Previous  to  the  year  1752,  the  annual  produce 
of  the  mines  of  Almaden  was  from  5000  to  6000 
quintals  of  mercury,  which  was  exported  to  Mexi- 
co for  the  purposes  of  amalgamation,  in  extracting 
go  and  silver  from  their  ores.  About  that  pe- 
riod, the  mercury  mines  at  Guanca  Velica,  in 
South  America,  being  nearly  exhausted,  the  mer- 
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cury  required  for  amalgamation  in  Peru  was  car- 
ried from  Almaden  ; so  that  the  annual  amount  of 
metal  extracted  from  this  mine  has  increased  to 
16,000  and  18,000  quintals. 

Germany. — -The  celebrated  mine  of  mercury  at 
Idria  in  Carniola,  and  on  the  boundary  of  the 
province  of  Friuli,  is  situated  about  eight  leagues 
to  the  north  of  Trieste.  The  small  town  of  Idria, 
which  gives  name  to  the  mine,  stands  in  a deep 
valley,  which  is  surrounded  by  lofty  mountains  of 
limestone.  In  this  valley  a dark  coloured  slate, 
included  between  two  beds  of  limestone,  is  seen 
rising  to  the  surface  at  an  angle  between  45°  and 
75°.  The  ores,  which  are  native  mercury  and 
cinnabar,  are  deposited  in  this  schistus,  the  thick- 
ness of  which  is  about  60  feet,  and  the  extent  front 
200  to  300  fathoms.  The  position  of  the*  metal- 
liferous stratum  is  variously  inclined,  sometimes 
horizontal,  and  sometimes  running  in  an  opposite 
direction.  The  depth  of  the  principal  shafts,  by 
Which  the  ores  are  brought  up,  is  about  100 
fathoms  *. 

The  colour  of  the  schistus  from  which  the  ore 
is  obtained  is  various.  When  it  is  whitish,  it  is 
poor  in  metal ; but  when  it  changes  to  a blackish 
colour,  its  metallic  riches  are  increased  to  about 
60  per  cent.  The  metallic  bed  is  sometimes  i fl* 


* Ferbes’s  Letters,  p,  9/ 
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tetsected  by  vertical  strata.  When  the  latter  are 
hard,  the  ore  in  a great  measure  disappears  ; but 
when  they  are  softer  and  more  brittle  than  the 
metalliferous  bed  itself,  the  ore  becomes  more 
abundant.  In  some  places,  a hard  slaty  rock  is 
met  with,  which  contains  small,  shining  globules, 
and  yields  not  more  than  two  per  cent,  of  metal. 
This  is  called  cored  ore  $ and  sometimes  small 
veins  of  coal  impregnated  with  ore  make  their  ap- 
pearance, and  afford  about  the  same  proportion  of 
pure  metal. 

The  mines  of  Idria  were  discovered  in  1497. 
The  mountain  in  which  they  were  first  established 
is  now  nearly  exhausted;  and  the  operations  at  pre- 
sent are  carried  on  in  an  opposite  mountain;  from 
which,  it  is  said,  as  much  mercury  might  be  ob- 
tained as  would  answer  the  demand  for  that  ar- 
ticle both  in  the  Old  and  New  World ; but  for  the 
purpose  of  keeping  up  the  price,  it  is  added,  the 
quantity  extracted  annually  is  limited  to  3000 

quintals,  of  which  about  100  quintals  are  native 
mercury. 

Neai  Selvena,  in  the  Siennese  territory, 
cinnabai  has  been  discovered,  distributed  in  irre- 
gular masses,  and  forming  thin  veins  in  a clay, 
mixed  with  argillaceous  marl ; but  it  does  not  ap- 
pear to  be  of  much  importance. 

Transylvania. — There  are  two  mines  of  mercury 
at  Zalathna  in  this  country.  The  ore  of  the  first 

is  cinnabar,  which  is  extracted  from  a vein  in  a 
Vql.  II.  B b 
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matrix  of  quartz  and  lime  spar,  traversing  a black 
argillaceous  slate  and  sandstone.  The  ore  of  the 
other  mine  is  granulated  cinnabar,  included  in  a 
vein  which  runs  in  limestone.  The  annual  pro- 
duce of  these  mines  does  not  exceed  6000  pounds 
of  pure  quicksilver  *. 

Asia. — In  the  whole  extent  of  the  Asiatic  ter- 
ritory, only  one  spot  is  yet  known  which  offers 
any  indications  of  the  ores  of  mercury.  The 
place  alluded  to,  which  is  noticed  by  Patrin  f , is 
about  six  leagues  south-east  from  Nertchinsk,  not 
far  from  the  frontiers  of  Chinese  Tartary.  It  is 
in  a small  hill  of  a yellowish  marl,  intersected  with 
veins  of  quartz,  and  interspersed  with  small  masses 
of  the  same  mineral.  The  rock  itself  is  penetrat- 
ed with  cinnabar. 

America . — The  celebrated  quicksilver  mine  of 
Guanca-Velica  in  Peru  is  about  50  leagues  to 
the  eastward  of  Lima,  and  near  the  summit  of 
one  of  the  Cordilleras.  This  mine,  which  for  a 
period  of  two  centuries  afforded  annually  from 
7000  to  8000  quintals  of  mercury,  is  now  nearly 
exhausted.  According  to  Helms  J,  the  vein  of 
cinnabar  wras  about  80  Spanish  ells  in  extent,  and 
the  ore  wras  found  partly  solid  and  crystallized 


* Born’s  Travels,  p.  120. 
f Hist.  Nat.  vol.  rv.  p.  322. 
J Travels,  p.  77. 
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with  galena,  lime  spar,  heavy  spar,  quartz,  manga- 
nese, arsenic,  &-c.  and  partly  interspersed  in  lime- 
stone and  in  fine  grained  sandstone.  The  ore,  it  is 
said,,  was  wrought  to  the  depth  of  600  fathoms,  and 
was  succeeded  by  ores  of  arsenic,  which  were  taken 
for  cinnabar;  and  before  the  mistake  was  disco- 
vered, many  hundreds  of  the  workmen  perished  • 
in  the  operation  of  smelting.  But  the  cinnabar 
at  Guanca-Velica  is  represented  by  others  as  being 
distributed  in  an  immense  accumulated  mass,  with- 
out the  form  of  bed  or  vein ; and  the  space  for- 
merly occupied  by  the  ore  is  a frightful  cavity  of 
150  feet  in  diameter  and  1400  deep.  The  cinna- 
bar is  disseminated  in  a sandstone  similar  to  that 
^ Almaden  in  Spain  ; but  the  ore  is  now  so  poor 
that  fifty  quintals  do  not  yield  more  than  six  or 
eight  pounds  of  mercury  *. 


SECTION  IV. 

ORES  OF  SILVER. 

Silver  is  remarkable  for  its  pure  white  colour, 
its  malleability,  and  being  easily  cut  with  the 


* *h)ur*  ties  Mines,  No.  17.  p.  79. 
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knife.  The  spec.  gr.  is  10*474.  The  oxides  of 
silver  are  easily  reduced  by  the  blow-pipe.  4 hey 
communicate  to  glass  an  olive  colour ; and  are 
precipitated  from  their  solution  in  nitric  acid  by 
means  of  muriatic  acid  rn  the  form  of  an  insoluble 
white  matter.  Silver  may  be  also  recognised  in. 
its  solution  in  nitric  acid  by  immersing  a polished 
plate  of  copper ; by  means  of  which  the  silver  is 
reduced,  and  appears  in  the  metallic  state.  By 
these  characters,  any  notable  quantity  of  silver 
existing  in  a mineral  substance  may  be  detected. 

Ores  of  Silver.— Silver  is  met  with  in  the  metal- 
lic state,  in  that  of  alloy,  in  the  state  of  sulphuret, 
and  in  that  of  salt. 

Native  silver — is  not  a very  uncommon  natural 
production.  It  possesses  almost  all  the  characters 
of  the  pure  metal,  and  it  is  usually  in  some  form 
either  approaching  to  the  cube  or  arborescent.  It 
is  rarely  seen  in  small  detached  particles,  like  gold 
or  platina,  and  it  is  seldom  perlectly  pure,  being 
alloyed  with  gold,  copper,  iron,  &c.  When  the 
proportion  of  gold  is  considerable,  it  assumes  a 
yellowish  colour,  and  is  then  known  by  the  name 
of  auriferous  silver , 

Antmonial  Silver  Ore— as  its  name  imports,  is 
an  alloy  of  silver  and  antimony  in  variable  pro- 
portions, as  of  silver  76  to  84,  and  of  antimony  16 
to  24 ; is  brittle,  of  a silvery  white  colour,  some- 
times'crystallized,  and  is  easily  reduced  by  the 
blow-pipe,  the  antimony  being  driven  off. 
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Arsenical  Silver  Ore — is  ,a  rare  mineral  of  a tin 
white,  or  lead  gray  colour,  sometimes  crystallized 
.and  is  also  an  alloy  of  silver  13,  iron  44,  arsenic 
<35,  and  antimony  4. 

I itreous  Silver  Ore — is  one  of  the  most  common 
ores  of  that  metal,  is  of  a lead  or  steel  gray  colour, 
and  exists  in  various  forms,  sometimes  crystalliz- 
ed; composed  of  silver  75  to  85,  sulphur  15  to  25- 
The  sp.  gr.  is  6*9  to  7*2.  A variety,  from  its  brit- 
tleness, is  denominated  brittle  vitreous  silver  ore 
and  is  combined  with  a proportion  of  antimony, 

some  iron,  copper,  and  arsenic,  with  some  earthy 
matters. 

Red  Silver  Ore — presents  some  varieties  of  co- 
lour,  arising  from  the  variable  proportion  of  ite 
constituent  parts,  which  are  usually  silver  56  to 
62,  antimony  16  to  18,  sulphur  11  to  15;  and 
sometimes  sulphuric  acid,  or  oxygen.  This  ore 
is  frequently  crystallized.  Sp.  gr.  5-5. 

White  Silver  Ore — contains  a considerable  pro- 
portion of  lead,  with  some  earthy  matters,  beside 
tne  substances  of  which  the  former  is  composed 

and  therefore  may  be  more  properly  arranged  with 
lead  ores. 

Corneous  Silver  Ore — is  a muriate  of  silver,  but 
contaminated  with  iron,  some  earthy  matters,  and 
a small  portion  of  sulphuric  acid;  is  often  crystal- 
lized, has  the  appearance  of  horn,  and  is  fusible 
like  wax.  Sp.  gr.  4-7.  A variety  of  this  ore,  called 
eat  thy  corneous  silver  ore , or,  according  to  the  £a£. 
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cifully  ridiculous  German  name,  of  butter-milk 
earthy  contains  a great  proportion  of  aluminous 
earth. 

Black  and  sooty  Silver  Ores — are  supposed  to  be 
composed  of  a mixture  of  the  ores  already  men- 
tioned ; some  of  whose  ingredients  may  haye  un- 
dergone certain  changes,  from  which  they  derive 

their  peculiar  character. 

Repositories  of  Silver.— Silver,  though  less  ge- 
nerally diffused,  is  more  abundant  than  gold.  It 
is  met  with  in  many  countries  of  the  world ; but 
while  the  warmer  regions  of  the  earth  afford  the 
greatest  quantity  of  gold,  the  most  copious  repo- 
sitories of  silver  are  situated  in  the  colder  climates, 
and  either  in  higher  latitudes,  or  in  more  elevated 
regions.  The  most  celebrated  silver  mines  of  Eu- 
rope and  Asia  are  placed  between  50°  and  60°  of 
north  latitude;  while  those  of  Peru  and  Mexico  are 
within  the  tropics,  but  in  the  centre  of  the  Cor- 
dilleras, and  in  regions  of  eternal  snow. 

The  ores  of  silver,  whatever  be  their  nature,  are 
chiefly  met  with  in  primitive  rocks,  and  paiticu- 
larly  in  those  which  are  arranged  in  strata.  They 
are  not  uncommon  also  in  some  veins  of  secon- 
dary rocks,  but  are  altogether  unknown  in  al- 
luvial soil.  The  usual  repository  of  native  silver 
is  in  veins  which  traverse  granite,  gneiss,  mica- 
ceous and  argillaceous  schistus,  porphyry,  and 
syenite.  The  other  ores  of  silver  are  met  with 
in  the  same  kind  of  rocks,  and  also  in  gray  wacken 
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syenite  and  hornblende  schistus,  and  sometimes 
in  limestone. 

The  matrix  of  the  ores  of  silver,  or  the  minerals 
with  which  it  is  accompanied,  are  quartz,  agate, 
flint,  hornstone,  jasper,  serpentine,  foliated  and 
compact  limestone,  fluor  spar,  and  heavy  spar* 
Silver  also  exists  in  nature  intimately  combined 
with  other  metallic  substances,  as  lead,  copper, 
mercury,  and  antimony ; and  the  sulphuret  of 
iron  sometimes  yields  from  2 to  15  per  cent,  of 
silver. 

Mines  of  Silver.——  The  chief  mines  of  silver,  as 
Sifeady  noticed,  are  confined  to  the  colder  regions 
of  the  earth.  This  is  particularly  the  case  with 
the  European  silver  mines,  the  most  important  of 
which  are  situated  in  northern  countries. 

Britain.  This  country,  so  rich  in  various  other 
mineral  productions,  has  never  possessed  any  va- 
luable silver  mines,  properly  so  called.  Some  of 
the  lead  ores  of  Britain  afford  a considerable  pro- 
portion of  silver ; but  silver  ores  may  be  regarded 
as  laie  productions  of  this  country.  A small 
quantity  of  native  silver  was  lately  discovered  in 
the  mines  of  Cornwall ; and  some  years  ago  a 
vein  of  silver  ore  was,  for  a short  time,  wrought 
with  great  advantage  in  the  parish  of  Alva,  in  the 
county  of  Stirling  in  Scotland.  The  ores  were 
native  silver  in  considerable  quantity,  it  is  said 
and  vitreous  silver,  or  sulphuret  of  silver.  From 
forty  to  fifty  thousand  pounds  worth  of  silver  was 
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extracted  from  the  ores  before  they  were  exhausted; 
after  which  every  search  to  recover  the  vein  prov- 
ed fruitless ; and  since  that  time  no  silver  mines 
have  been  wrought  in  this  country.  The  silver 
ores  at  Alva  were  accompanied  with  copper,  lead, 
and  cobalt  ores,  with  a matrix  of  lime  spar  and 
heavy  spar ; and  it  is  supposed  that  the  veins  tra-» 
verse  rocks  of  argillaceous  porphyry. 

France . — The  silver  mines  which  have  hitherto 
been  discovered  in  France,  do  not  appear  to  be  of 
any  great  importance.  The  mine  of  Allemont,  10 
leagues  from  Grenoble,  in  the  department  of 
Isere,  is  situated  near  the  summit  of  a lofty  moun- 
tain. This  mountain  is  composed  of  beds  of  gneiss 
and  primitive  limestone,  w’hich  are  inclined  in  dif- 
ferent angles  to  the  west.  The  beds  are  thin, 
waved,  and  twisted,  besides  being  otherwise  con- 
siderably deranged,  by  which  the  richest  veins 
are  suddenly  cut  off.  This  mountain  has  been 
compared,  in  its  component  parts  and  structure, 
to  some  of  the  mountains  of  Potosi,  which  contain 
rich  silver  mines.  The  veins  are  numerous,  and 
run  in  all  directions.  The  ores  are  native  silver, 
sulphuret  of  silver,  red  silver,  and  a small  quan- 
tity of  muriate  of  silver;  and  they  are  accom- 
panied by  different  ores  of  cobalt,  antimony, 
nickel,  &c.  The  matrix  is  usually  clay  mixed 
■with  iron,  lime  spar  mixed  with  asbestus,  and 
gome  other  minerals.  The  veins  were  richest  at  the 
surface ; but  as  the  operations  were  carried  down-, 
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wards,  the  produce  gradually  diminished,  so  that 
they  are  now  nearly  exhausted.  In  some  other 
parts  of  France,  indications  of  silver  ore  have  been 
observed,  as  in  the  Vosges,  in  the  department  of 
the  Upper  Rhine,  where  red  silver  ore  is  found 
in  a vein  of  gray  copper  ore ; which  latter  also 
contains  a certain  proportion  of  silver. 

Spain. — The  silver  mines  of  Spain  are  the  old- 
est which  are  known.  They  were  wrought  in  the 
time  of  the  Romans ; and  it  would  appear  from  the 
remains  of  the  old  workings,  that  the  operations 
were  carried  on  to  a great  extent.  The  mine  of 
Guadalcanal,  in  the  Sierra  Morena,  on  the  con- 
fines of  Andalusia  and  Estremadura,  and  about 
15  leagues  to  the  north  of  Seville,  was  formerly 
very  rich.  The  ore  which  it  yields  is  red  silver, 
in  a matrix  of  compact  carbonate  of  lime. 

Germany . — The  mining  territory  of  Freyberg  in 
Saxony  abounds  with  veins  of  silver,  or  with  lead 
ores  containing  a considerable  proportion  of  that 
metal.  "I  he  veins  which  traverse  gneiss  rocks 
are  generally  composed  of  quartz,  lime  and  fluor 
spars;  and  the  metallic  ores  are,  argentiferous 
sulphuiet  oi  lead,  red  silver  ore,  argentiferous 
gray  copper  ore,  &c.  In  the  mines  of  Annaberg, 
the  ore,  which  according  to  Klaproth  is  corneous 
ore,  or  muriate  ol  silver,  mixed  with  a great  pro- 
portion of  clay,  is  imbedded  in  compact  limestone 
The  mines  of  Schneeberg  in  Misnia,  and  of  the 
fiarlz  in  Hanover,  afford  chiefly  argentiferous  ga- 
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lena,  which  is  also  sometimes  accompanied  with 
the  proper  ores  of  silver. 

Hungary. — The  mines  of  Schemnitz  and  Crem- 
nitz  in  Hungary  have  been  long  celebrated,  both 
on  account  of  the  richness  of  their  productions, 
and  immense  extent  of  their  operations.  The 
rocks  which  are  traversed  by  these  veins  are  com- 
posed of  an  argillaceous  gray  stone,  mixed  with 
quartz,  or  schorl,  or  particles  of  lime  spar.  To  this 
rock  Baron  Born  has  given  the  name  of  metallic 
rock,  because  it  is  usually  rich  in  metallic  veins* 
This  rock  is  supposed  to  be  a syenite  porphyry, 
whose  base  is  a fine  grained  feldspar. 

The  metallic  rock  near  Schemnitz  is  described 
by  Baron  Born  as  containing  three  principal  veins. 
The  course  of  these  veins  is  nearly  from  north  to 
south,  and  they  run  parallel  with  the  river  Gran, 
following  even  the  windings  of  the  channel  of 
that  river.  The  dip  or  inclination  of  the  veins, 
excepting  some  deviations  in  one  ot  them,  is  from 
west  to  east  at  an  angle  of  30  to  70  degrees.  In 
one  part  of  one  of  the  capital  veins  alluded  to, 
called  the  Spitaler  vein,  it  is  joined  with  an  argil- 
laceous white  vein,  which  constantly  runs  along 
with  it  on  the  hanging  side,  and  from  the  place  of 
junction  the  vein  is  found  to  contain  silver.  In 
the  white  clay  of  the  hanging  fissure  are  occa- 
sionally met  with  nodules  of  spar  and  masses  of 
quartz,  which  are  carefully  collected,  and  yield 
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from  four  to  five  ounces  of  silver  per  hundred 
weight. 

In  this  vein  Baron  Born  discovered  what  he 
considers  as  a singular  curiosity,  and  denominates 
a petrified  porpites  or  simple  madrepore,  which  is 
included  in  sound  sinople,  a mineral  resem- 
bling red  jasper.  This  petrifaction  was  found  at 
the  depth  of  89  fathoms,  in  a level  driven  on  the 
vein.  The  author  attempts  an  explanation  of  this 
remarkable  phenomenon,  by  supposing  that  the 
animal,  whose  impression  is  seen  on  the  stone,  may 
have  been  produced  on  a neighbouring  hill  which 
lies  to  the  north  of  Schemnitz,  where  petrified  tur- 
binites  and  chamites  are  often  found ; and  while 
the  whole  country  w7as  covered  by  the  waters  of 
the  ocean,  may  have  been  carried  into  the  vein  at 
the  time  it  was  an  open  fissure. 

The  second  great  vein  at  Schemnitz  exhibits 
nearly  the  same  general  characters  as  the  first,  with 
regard  to  the  distribution  and  nature  of  its  produc- 
tions. In  the  hanging  side  towards  the  first  vein 
it  contains  lead  ores ; but  in  the  hading  side  there 
is  a layer  of  clay  from  one  to  four  feet,  in  which 
are  embedded  nodules  of  lead  ore,  which  yield 
from  two  to  five  ounces  of  silver. 

Ihe  third  great  vein  at  Schemnitz  is  more  irre- 
gular in  its  inclination  than  the  two  former,  some- 
times being  nearly  perpendicular,  and  sometimes 
dipping  in  a contrary  direction  from  east  to  west. 
The  ores  from  this  vein  are  not  very  rich  in  sil- 
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ver ; but  some  of  them  afford  a considerable  pro- 
portion of  gold.  In  proof  of  the  antiquity  of  the 
operations  in  this  vein,  Baron  Born  mentions  the 
marks  of  old  works  which  he  observed,  and  which 
had  been  executed  before  the  invention  of  gun- 
powder, at  least  before  its  application  to  the  blast- 
ing of  rocks.  The  ancient  method  of  conducting 
such  operations  was  by  driving  wedges  of  strong 
dry  wood  into  the  fissures  or  cracks  of  the  rock ; 
and  these  wedges  being  moistened  with  water, 
swelled  and  burst  the  rock  by  the  force  of  ex- 
pansion. The  same  author  states,  somewhat  too 
credulously,  that  he  discovered  in  a pit  the  date 
of  the  year  777  cut  in  the  rock ; and  he  asks, 
€t  Might  I hence  draw  a consequence  for  the  high 
“ antiquity  of  this  mine?”  But  there  is  no  at- 
tempt to  adduce  the  slightest  evidence  that  the 
figures  might  not  have  been  executed  at  the  dis- 
tance of  ten  years  before,  as  well  as  at  the  distance 
of  many  centuries. 

Some  notion  may  be  formed  of  the  extent  of 
the  mining  operations  at  Schemnitz,  from  the  gal- 
lery or  level  called  the  Emperor  Francis’  Gallery, 
by  which  the  whole  of  the  royal  mines  are  drain- 
ed and  cleared  of  water.  This  gallery,  which 
forms  a very  considerable  excavation,  and  is  car- 
ried through  hard  rock,  is  a work  of  immense  la- 
bour and  difficulty  ; it  is  five  English  miles  in 
length;  it  was  begun  in  1748,  and  finished  in 
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The  mountains  round  Cremnitz,  according  to 
Baron  Born,  are  composed  of  the  same  metallic 
rock  already  described ; but,  according  to  Patrin, 
they  consist  of  primitive  trap.  At  this-  place  very 
extensive  operations,  which  were  begun  at  least  a 
thousand  years  ago,  have  been  established  on  a 
large  and  rich  gold  vein,  and  some  of  its  branches. 
The  rock  is  a white  solid  quartz,  mixed  with  fine 
auriferous  red  and  white  silver  ore,  and  with 
auriferous  pyrites.  At  the  depth  of  lbO  fathoms 
the  vein  continued  rich  and  productive. 

Konigsberg  is  another  mining  town  of  Hun- 
gary, which  is  some  miles  to  the  north-west  of 
Schemnitz.  The  valley  in  which  this  place  is  si- 
tuated, is  bounded  on  one  side  by  metallic  rock, 
and  on  the  other,  towards  the  north,  by  granite 
mountains.  In  the  royal  mine,  at  tire  time  it  was 
visited  by  Baron  Born,  the  vein  was  observed  to 
run  between  the  metallic  rock  which  formed  its 
hanging  side,  and  the  granite  which  was  its  had- 
ing side.  The  vein  is  gray  quartz  mixed  with 
auriferous  pyrites.  The  first  steam,  or  fire-engine, 
established  in  the  Lower  Hungarian  mines,  was 
erected  at  Konigsberg  in  1725,  by  Isaac  Porter, 
an  English  engineer,  who  was  then  in  the  Impe- 
rial service  *, 

Bohemia . — The  circle  of  Saaz  in  Bohemia 
abounds  greatly  in  various  metallic  ores,  among 


* Born’s  Travels,  Letter  xx. 


398 


ORES  OF  SILVER. 


which  the  ores  of  silver  occasionally  predominate. 
The  prevailing  rocks  are  gneiss  and  argillaceous 
schistus.  The  veins  at  Catharinaberg  traverse 
gneiss,  and  generally  run  in  a north  and  south 
direction,  and  parallel  to  the  mountain  in  which 
they  are  situated.  But  there  are  also  some  power- 
ful veins  which  cross  the  mountain.  One  of  this 
nature  is  described,  which  seems  to  be  insensibly 
blended  with  the  mountain  rock.  The  vein  stone 
is  also  of  the  same  kind  of  rock,  but  occasionally 
assuming  the  characters  of  a variety  of  granite. 
It  is  observed  that  the  vein,  which  seldom  exceeds 
a foot  in  width,  diminishes  in  thickness  when  the 
containing  rocks  become  harder;  and  when  the 
sides  are  found  incrusted  with  a ferruginous  clay, 
it  appears  to  be  richer  in  ores.  Fissures  from  the 
sides  of  the  vein  are  found  to  improve  it.  A fine 
white  clay,  with  quartz  imbedded  in  it,  indicates 
rich  ore ; but  a coarse  clay,  destitute  of  quartz, 
especially  when  it  increases  m quantity  and  oc- 
cupies the  whole  vein,  renders  it  unproductive  or 
entirely  barren.  The  ores  of  the  vein  now  de- 
scribed are  rich  silver  and  copper  pyrites,  with 
fluor  spar,  blende,  various  copper  ores,  and  some- 
times native  silver  and  copper. 

Jo(Lchi7Hs£hcil—m~'&  place  in  the  same  circle,  has 
been  long  celebrated  on  account  of  its  valuable 
mines.  The  prevailing  rocks  are  described  as 
gray,  micaceous,  and  quartzose  clay  slate,  which 
at  a great  depth  became  more  of  an  argillaceous 
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nature,  soft,  foliated,  and  of  a black  colour.  The 
mountains  around  this  place  have  a gentle  decli- 
vity towards  the  south,  but  run  in  lofty  ridges  to 
the  east,  north,  and  west,  and  are  intersected  by 
deep  valleys.  This  inequality  of  surface  affords 
great  accommodation  to  the  miners,  to  open  up 
numerous  galleries  which  converge  to  the  south, 
and  to  the  valley  in  which  stands  the  town  of 
Joachimsthal.  The  whole  galleries  and  works  of 
this  district  are  divided  into  six  different  fields, 
belonging  to  the  same  number  of  companies,  and 
they  are  drained  by  two  deep  drifts  or  levels;  the 
one  of  which  runs  in  a direct  line  1,600  fathoms; 
but  including  its  several  branches,  its  whole  length 
is  4,500  fathoms.  The  depth  under  the  highest 
tops  of  the  mountain  is  170  fathoms.  The  second 
great  level,  which  runs  through  the  space  of  5,600 
fathoms,  and  in  a direct  line  1,500  fathoms,  is  20 
fathoms  deeper  than  the  first ; but  the  operations 
in  the  mines  have  been  carried  to  a much  greater 
depth,  for  at  the  time  in  which  they  were  visited  by 
Ferber  before  1774,  the  perpendicular  depth  un- 
der the  turf,  was  from  200  to  350  fathoms,  and 
excepting  the  mines  in  the  Tyrol,  were  then  con- 
sidered  as  the  deepest  in  the  world. 

The  metallic  veins  of  this  mining  district  are 
frequently  disturbed  by  dykes  of  red  porphyry 
or  of  trap.  These  dykes  are  called  by  the  miners 
combs.  The  porphyry  is  described  as  a red  flesh 
coloured  hornstone,  in  which  white  particles  of 
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feldspar  and  quartz  are  inserted.  Some  large  veins 
of  this  porphyry  cross  the  metallic  mountains* 
and  commonly  run  from  north  to  south.  Some- 
times they  unite  in  the  veins,  run  parallel  with 
them,  and  occasionally  increase  their  metallic 
riches.  The  trap  dykes,  or  combs,  consist  ot  an 
indurated  ferruginous  clay,  of  a gray,  greenish,  or 
black  colour.  In  this  latter,  white  grains  of  lime 
spar  and  greenish  schorl  are  interposed.  The 
course  of  these  dykes,  or  veins,  is  very  irregular  ; 
their  thickness  is  from  a few  inches  to  40  fathoms; 
they  also  unite  with  the  metallic  veins,  run  parallel 
with  them,  or  cross  them,  and  either  improve  them, 
render  them  barren,  or  disturb  their  course.  It  is 
observed,  that  the  dykes  which  run  from  north  to 
south  commonly  disturb  the  course  of  the  metal- 
lic veins,  which  they  traverse  in  a contrary  direc- 
tion. A powerful  dyke  of  this  description,  which 
crosses  one  of  the  principal  veins  of  the  district, 
was  discovered  on  the  sole  of  one  of  the  great 
levels,  where  the  thickness  was  not  less  than  from 
SO  to  40  fathoms.  At  this  place,  which  is  150 
fathoms  of  perpendicular  depth,  and  about  300G 
fathoms  distant  from  the  door  of  the  gallery,  an 
entire  tree  was  discovered.  At  the  time  of  this 
discovery,  it  was  supposed  that  this  tree  was  a 
production  of  the  Antediluvian  World.  The  ex- 
terior appearance,  the  fibrous  structure,  the  con- 
centric circles,  the  ramification  of  the  substance 
into  round  branches,  and  even  the  soft  unpetrified 
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bark  which  adhered  to  them,  and  something  like 
leaves  found  in  different  parts  of  it,  left  no  doubt 
with  those  who  had  an  opportunity  of  seeing  it, 
that  it  was  a vegetable  production  converted  into 
stony  matter.  All  this  is  confirmed  by  the  appear- 
ance of  the  specimens  which  were  then  collected, 
and  aie  still  preserved  in  the  cabinets  of  natural- 
ists. Soon  after  the  discovery  was  made,  that 
part  of  the  level  gave  way;  and  the  water  increas- 
ing,  rendered  it  impossible  ever  since  to  examine 
the  spot.  The  petrifaction  was  imbedded  partly 
in  the  slate  rocks  of  which  the  mountain  is  com- 
posed, and  partly  in  one  of  the  trap  dykes  which 
traverse  those  rocks. 

The  thickness  of  the  veins  varies  from  one  inch 
to  two  feet,  and  the  vein  stones  are  a whitish  or 
bluish  clay,  argillaceous  slate,  and  reddish  horn- 
stone,  or  petrosilex ; which  latter  is  the  matrix  of 
the  richest  ores.  Rose  spar,  another  vein  stone, 
is  a lime  spar  composed  of  accumulated,  round- 
ish, and  twisted  lamellae.  The  silver  ores  which 
are  found  in  this  mining  district  are  native  silver, 
which  is  attached  to  different  vein  stones,  and  as- 
sumes various  forms  ; vitreous  silver  ore,  which  is 
dug  out  sometimes  in  very  large  masses,  and  is 
considered  as  a very  rich  ore,  one  hundred  weight 
being  commonly  valued  at  180  marks  of  silver; 
red  silver  ore,  sometimes  beautifully  crystallized 

and  transparent,  is  attached  to  red  hornstone  or 
Vol.  II.  r „ 
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rose-formed  lime  spar ; and  white  silver  ore  ha3 
sometimes,  but  rarely,  appeared. 

The  silver  mines  of  Berestadt,  in  the  circle  of 
Tabor,  are  in  hills  of  a gentle  declivity,  and  com- 
posed of  gray  or  bluish  clay  slate,  in  which  ap- 
pear fissures  of  greenish  lithomarga,  or  semi-indu- 
rated pot  stone.  These  mines  were  formerly  rich 
in  native  silver,  and  other  ores  of  that  metal.  A 
vein  to  the  west  of  this  place,  which  traversed 
a hard  rock;  contained  reddish  coloured  feld- 
spar, with  galena,  blende,  and  a little  silver ; but 
when  a joint  containing  white  arsenical  pyrites 
came  into  the  hanging  side,  the  vein  produced  na- 
tive silverT  vitreous,  red,  and  white  silver  ore.  An- 
other vein  in  the  same  place,  which  is  from  two 
inches  to  one  foot  in  width,  is  observed  to  be 
richest  where  it  is  thinnest.  It  is  chiefly  enriched 
by  an  undulating  black  clay  fissure,  which  ap- 
pears sometimes  in  the  hanging  side,  and  then  it 
produces  red  and  white  silver  ore.  When  crossed 
by  veins  running  from  east  to  west,  it  appears  to 
be  cut  off  and  barren,  till  beyond  the  place  of 
junction  it  again  becomes  productive  in  its  former 
course.  Sometimes  the  ore  and  the  vein  are  en- 
tirely lost,  or  hid  under  the  cross  joint ; fall  out 
extremely  rich  underneath  it,  but  disappear  en- 
tirely above  it  *. 


* Ferber’s  Mineralogical  History  of  Bohemia.. 
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Sweden. — The  silver  mines  of  Sahlberg,  in 
Westmania  in  Sweden,  are  situated  about  28 
English  miles  from  Upsal.  The  ore  is  an  argen- 
tiferous galena,  in  a compact  limestone,  and  it 
produces  a mark,  and  even  a mark  and  half,  of 
silvei  in  the  quintal,  "lhe  mines  have  been 
wrought  to  the  depth  of  150  fathoms;  the  an- 
nual average  profits  amount  to  about  L.  4000,  and 
one  eighth  of  the  produce  is  paid  to  the  king  *. 

Norway . — The  silver  mine  of  Koningsberg  in 
Norway  is  represented  as  one  of  the  richest  in 
Europe.  The  mountains,  which  are  of  moderate 
height,  are  composed  of  strata  which  are  nearly 
vertical,  run  from  north  to  south,  but  are  a little 
inclined  to  the  east.  They  are  generally  parallel 
to  each  other,  but  sometimes  assume  a waved  or 
twisted  direction.  Some  of  the  strata  are  com- 
posed of  mica  mixed  with  garnets  and  lime  spar; 
otheis  consist  of  a grayish  white  quartz  mixed 
with  a fine  black  mica,  a little  carbonate  of  lime 
and  reddish  hornstone;  some  are  composed  of  al- 
ternate layers  of  quartz  and  mica,  and  others  of  a 
ferruginous  rock,  which  in  the  upper  part  of  the 
mine  is  about  33  feet  thick,  but  in  the  lower  part 
is  not  more  than  6 feet  thick. 

The  veins  which  cut  these  strata  transversely 
are  from  half  an  inch  to  21  feet  in  thickness.  The 


* Ker  Porter’s  Travels. 
C c 2 
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matrix  of  the  ore  is  granulated  limestone,  sometimes 
foliated,  or  mixed  with  fluor  spar  and  oxide  or  iron. 
The  ores  are  chiefly  native  silver,  enormous  masses 
of  which  have  been  sometimes  found,  and  in  par- 
ticular one  is  mentioned  weighing  more  than  220 
lbs. ; sometimes  vitreous  silver  ore  ; but  red  silver 
ore  and  galena  are  rare. 

It  has  been  observed,  that  these  mines  are  most 
productive  in  that  part  of  the  veins  where  they 
traverse  the  strata  of  ferruginous  rock.  The 
greatest  depth  to  which  the  operations  have  been 
carried  is  about  150  fathoms;  and  the  annual 
produce,  some  years  ago,  was  stated  at  nearly 
5000  lbs.  of  silver. 

Asia. — In  the  northern  regions  of  Asia  are  si- 
tuated the  silver  mines  of  Zmeof,  in  that  part  oi  the 
Altaian  chain  of  mountains  which  lies  between  the 
rivers  Oby  and  Irtish,  and  between  50°  and  52°  of 
north  latitude.  The  annual  produce  of  these  mines 
is  stated  at  60,000  marks  of  silver,  which  is  al- 
loyed with  about  3 per  cent,  of  gold.  The  mines 
of  Nertschink  in  Daouria,  and  near  the  river 
Amour,  yield  argentiferous  galena,  producing 
annually  about  30,000  marks  of  silver,  and  con- 
taining about  It  per  cent,  of  gold*.  Patrin  sup- 
poses that  there  are  silver  mines  in  some  parts  of 
the  Chinese  territories,  from  the  circumstance  of 


* Patrin,  Hist.  Nat.  des  Miner,  v,  p- 141. 
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the  Russian  merchants  who  trade  to  China  return- 
ing from  that  country  with  small  masses  of  silver, 
from  several  ounces  to  a pound  weight,  which 
they  receive  in  exchange  for  their  commodities. 

America. — But  the  ores  of  silver  are  distributed 
with  far  greater  profusion  in  the  elevated  regions 
of  the  New  World.  The  silver  obtained  from 
Mexico  and  Peru  alone  is  supposed  to  be  ten 
times  as  much  as  the  whole  produce  of  the  an- 
cient continent. 

The  celebrated  mines  of  Potosi  in  Peru,  which 
were  discovered  in  1545,  are  situated  in  an  insu- 
lated mountain,  which  is  18  miles  in  circumference, 
and  rises  to  an  immense  height  in  the  form  of  a 
sugar  loaf.  This  mountain,  which  is  about  100 
leagues  from  the  South  Sea,  and  near  the  sources 
of  the  river  Plata,  is  chiefly  composed  of  a yellow, 
very  firm,  argillaceous  slate,  and  is  full  of  veins 
which  traverse  the  mountain  in  all  directions. 
These  veins  are  filled  with  ferruginous  quartz, 
which  constitutes  the  matrix  of  very  rich  silver 
ores.  These  are  chiefly  native  silver  and  vitreous 
silver  ore,  the  latter  of  which,  on  the  first  discovery 
of  the  mine,  yielded  about  half  its  weight  of  pure 
silver.  T he  produce  is  now  less  than  formerly, 
but  is  still  very  considerable  *. 


* Helm’s  Travels,  p.  *13. 
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About  six  miles  from  Pasco  is  the  mountain 
Jauricocha,  which  is  distinguished  by  the  name 
of  silver  mountain,  from  the  great  abundance  of 
silver  ores  with  which  it  is  stored.  This  mountain, 
which  is  about  half  a mile  in  diameter,  and  only 
15  fathoms  in  depth,  is  composed  of  a fine  porous 
brown  iron  stone,  which  throughout  its  whole  ex- 
tent is  interspersed  with  pure  silver.  The  produce 
of  the  iron  stone  itself  does  not  exceed  9 marks  of 
silver  from  every  50  cwt. ; but  a friable,  white, 
metallic  clay,  which  is  met  with  in  the  middle  of 
the  mass  of  ore,  and  is  about  9 or  10  inches  in 
thickness,  yields  from  200  to  1000  marks  of  fine 
silver  in  every  50  cwt.  The  mountain  is  pene- 
trated in  all  directions,  without  any  order  or  at- 
tention to  security ; so  that  it  is  supposed  the 
whole  may  in  the  course  of  a few  years  fall  in. 
About  200  private  proprietors  and  workers  of 
mines  have  their  pits  on  this  mountain,  and  ex- 
tract annually  200,000  marks  of  silver*. 

The  Mexican  mines  are  richer  and  more  nu- 
merous than  those  of  Peru.  The  mine  of  Valen- 
ciana,  in  the  intendancy  of  Guanaxuto,  is  in  a 
vein  of  the  enormous  thickness  of  40  fathoms* 
This  immense  vein  traverses  a mountain  or  argil- 
laceous schistus.  The  vein  stones  are  quartz,  horn- 
stone,  lime  spar,  argillaceous  schistus,  and  stea* 


# Helm’s  Travels,  p.  96, 
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tfites ; and  the  ores  are  iron  pyrites,  galena,  and 
blende,  with  native,  vitreous,  and  red  silver 
ores.  The  mine  is  wrought  at  the  depth  of  328 
fathoms.  There  is  another  vein  in  the  vicinity  of 
the  former,  which  has  not  yet  been  wrought,  but 
which  promises  to  yield  as  much  silver  as  all  the 
mines  of  New  Spain.  A mine  in  the  intendancy 
of  St  Louis  of  Potosi  is  wrought  at  the  same 
depth ; and  another  near  Patchuca,  in  the  in- 
tendancy of  Mexico,  is  less  powerful  than  the 
great  vein  at  Valenciana,  but  is  not  less  produc- 
tive. 

The  whole  produce  of  the  Spanish  silver  mines 
in  South  America  amounted,*  in  the  year  1790, 
to  L.  5,079>183  Sterling.  > This  is  the  quantity  of 
silver  coined  in  the  royal  mints,  and  is  exclusive 
of  that  which  is  fabricated  into  various  utensils  for 
churches,  convents,  and  private  persons  *. 


SECTION  V. 

ORES  OF  COPPER. 

Copper  is  one  of  the  most  useful  of  the  metals, 
on  account  of  its  tenacity,  ductility,  and  mallea- 


* Helm’s  Travels,  p.  HI. 
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bility,  as  well  as  on  account  of  the  numerous  al- 
loys and  combinations  which  it  forms  with  other 
metals,  and  which  render  it  susceptible  of'  being 
applied  to  many  of  the  most  important  purposes  of 
life.  Its  specific  gravity,  after  fusion,  is  7*788* 

Copper  may  be  detected  in  its  ores  by  dissolv- 
ing a small  portion  in  nitric  acid,  and  immersing 
in  the  solution  a polished  plate  of  iron.  The  cop- 
per is  thus  precipitated  by  the  iron  in  the  metal- 
lic state ; or  by  digesting  some  of  the  ore  in  a so- 
lution of  ammonia  or  volatile  alkali,  if  it  contain 
any  copper,  the  solution  assumes  a beautiful  blue 
colour. 

Ores  of  Copper . — Copper  exists  in  nature  in  all 
the  different  states  of  metallic  ores.  It  is  found 
in  the  state  of  native  copper,  in  that  of  alloy,  in 
the  state  of  sulphuret,  in  that  of  oxide,  and  also  in 
the  state  of  salt. 

Native  copper  is  no  uncommon  production,  as 
it  is  met  with  in  many  copper  mines  along  with 
its  other  ores.  It  assumes  various  forms,  and  is 
sometimes  crystallized.  Sp.  gr.  7*72  to  8*58. 

"Vitreous  copper  ore  is  of  a lead  gray  or  yellow- 
ish colour,  is  rarely  crystallized,  and  is  soft  and 
brittle.  Sp.  gr.  4*81  to  5*33.  It  is  composed  of 
copper  78*5,  sulphur  18*5,  iron  2*25,  with  a small 
portion  of  silica.  Some  varieties  contain  4th  of 

iron. 

Variegated  copper  ore  usually  exhibits  a great 
variety  of  colours,  is  sometimes  crystallized,  and  is 
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composed  of  copper  6*3  to  6*8,  iron  12  to  18,  sul- 
phur 19,  and  oxygen  5. 

Copper  pyrites  is  usually  of  a yellowish  colour, 
but  sometimes  steel  gray  ; is  often  crystallized. 
Sp.  gr.  4*08  to  4’3«  It  is  composed  ot  sulphur, 
copper,  and  iron,  in  variable  proportions;  and 
sometimes  contains  a mixture  of  gold  and  silver. 

White  copper  ore  is  between  a silvery  white 
and  brass  yellow  colour.  Sp.  gr.  4-5.  Gives  out 
before  the  blow-pipe  a white  fume,  with  the  odour 
ol  arsenic,  and  is  supposed  to  be  a compound  of 
copper,  iron,  arsenic,  and  sulphur. 

Gray  copper  ore  is  of  a steel  gray  colour,  of 
various  shades,  often  crystallized.  Sp.  gr.  4*4  to 
4*8.  Is  composed  of  copper  1 6,  sulphur  10,  an- 
timony 16,  silver  2,  iron  13,  with  a small  propor- 
tion of  eaithy  matter,  as  silica  and  alumina,  and 
sometimes  with  a large  proportion  of  lead. 

Black  copper  ore  exists  in  the  slate  of  powder, 
of  a brownish  black  or  deep  brown  colour.  It  is 
supposed  to  be  a sulphuret  of  copper,  and  yields 
sometimes  from  40  to  50  per  cent,  of  metal. 

Red  copper  ore  is  found  in  a compact,  foliated, 

or  capillaiy  form,  of  a cochineal  or  carmine  red 

colour;  sometimes  crystallized;  and  the  crystals 

are  semi-transparent.  This  ore  is  supposed  to  be 

an  oxide  ot  copper,  but  was  formerly  conjectured 

to  be  a carbonate.  It  is  easily  reduced  before  the 

blow-pipe,  and  is  entirely  soluble  in  muriatic 
acid. 
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Brick-red  copper  ore  exists  either  in  an  earthy 
or  indurated  form,  is  of  a brownish  red,  or  reddish 
brown  colour,  and  is  supposed  to  be  a mixture  of 
red  copper  ore,  or  oxide  of  copper  and  brown 
oxide  of  iron,  in  variable  proportions. 

Emerald  copper  ore  is  a beautiful  mineral,  or 
an  emerald  green  colour,  is  semi-transparent. 
Sp.  gr.  3*3.  Is  composed  of  oxide  of  copper  28-5, 

silica  28*5,  carbonate  of  lime  43. 

Azure  copper  ore,  or  carbonate  of  copper,  is 
either  in  an  earthy  or  indurated  and  radiated  form, 
the  latter  being  sometimes  crystallized.  The  colour 
is  sky-blue,  light  azure,  or  indigo  blue.  Sp.  gr.  3*4 
to  3*6.  The  constituent  parts  are  copper  t>6,  car- 
bonic acid  18,  oxygen  8,  water  2.  The  earthy 
variety  is  sometimes  found  in  superficial  layers 
on  sandstone,  and  sometimes  the  whole  sandstone 
Is  impregnated  with  the  earthy  carbonate  of  cop- 
per. 

Malachite,  or  green  carbonate  oi  copper,  is 
distinguished  into  two  varieties,  the  fibious  and 
compact;  the  first  composed  of  capillary  crystals 
grouped  together,  and  exhibiting  a silky  appear- 
ance ; and  the  second  in  a globular  or  stalactitical 
form.  The  colour  is  emerald,  apple,  or  blackish 
green.  Sp.  gr.  3*5  to  3*6.  It  is  composed  of  cop. 
T>er  58,  carbonic  acid  18,  oxygen  12*5,  and  water 

11*5. 

The  compact  variety  of  malachite  is  frequently 
susceptible  of  a fine  polish,  which,  with  its  beau- 


ORES  OF  COPPER. 


4U 


tiful  and  delicate  colours,  has  brought  it  into  high 
estimation  for  various  ornamental  purposes.  The 
most  splendid  specimen  of  compact  malachite  yet 
known  adorns  the  cabinet  of  Dr  Guthrie  at  St 
Petersburgh.  It  is  32  inches  long,  17  broad,  and 
2 inches  thick.  According  to  the  account  of  Pa- 
nin, who  describes  it,  this  splendid  mass  is  esti- 
mated at  20,000  franks,  which  is  more  than 
L.  800  Sterling.  It  I am  not  misinformed,  it  was 
once  oilered  to  sale  in  Britain ; but  as  no  purchaser 
appeared,  it  was  carried  back  to  Russia. 

Green  copper  ore,  or  earthy  carbonate  of  cop- 
per, is  of  a verdigris  or  emerald  green  colour; 
and  is  supposed  to  be  a mixture  ol  carbonate  of 
copper,  with  some  oxide  of  copper  and  alumina 
and  lime. 

Ferruginous  green  copper  ore  is  either  in  an 
earthy  or  slaggy  form,  of  an  olive  green  colour, 
and  is  supposed  to  be  a mixture  of  carbonate  or 
oxide  of  copper,  with  iron  ochre  in  variable  pro- 
portions. 

Micaceous  copper  ore,  or  arseniate  of  copper,  is 
either  in  a foliated  or  lenticular  form,  is  frequent- 
ly  crystallized,  and  is  of  an  olive  green  or  sky  blue 
colour.  Sp.  gr.  2*5  to  2*8 ; and  the  constituent 
pails  aie  oxide  ol  copper  39,  arsenic  acid  43, 
water  17.  >Some  arseniates  of  copper  contain  a 
considerable  proportion  of  oxide  of  iron  with 
pome  siliceous  earth. 
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Green  sand  of  Peru,  or  muriate  of  copper,  is 
crystallized,  and  of  an  emerald  or  leek  green 
colour.  Sp.  gr.  3*5  to  4‘4-  Constituent  parts,  ox- 
ide of  copper  70  to  76,  muriatic  acid  10  to  11, 
water  12  to  18. 


Phosphate  of  copper  is  met  with  crystallized ; 
is  of  a grayish  black,  but  internally  of  an  emerald 
^reen  colour.  Constituent  parts  are  oxide  of  cop- 

o 1 t 

per  68,  phosphoric  acid  31. 

Repositories  of  Copper  Ores.— Most  of  the  ores  of 
copper  are  met  with  in  primitive  rocks ; and 
some  of  the  ores,  particularly  native  copper,  some 
of  the  sulphurets  of  copper  and  gray  copper  ore, 
exist  only  in  rocks  of  that  class.  The  repository 
of  the  phosphate,  arseniates,  and  muriate  of  cop- 
per, whose  natural  history  is  hitherto  imperfectly 


known,  is  also  of  the  same  nature. 

The  ores  of  copper  seem  to  be  more  abundant 
in  rocks  which  are  disposed  in  beds,  such  as  gneiss, 
schistus,  &c.  than  in  those  in  a massive  form,  as 
granite  and  porphyry.  Some  amygdaloids,  with 
a basis  of  trap,  contain  some  of  the  ores  of  copper, 
as  the  oxide,  and  even  native  copper;  such  as  the 
amygdaloid  of  Oberstein,  mentioned  by  Saintfond, 
which  includes  agates  and  prehmte  impregnated 

with  copper. 

The  ores  of  copper  are  generally  di^tiiomcd  m 
veins,  or  constitute  a part  of  other  veins,  compos- 
ed of  stony  matter  and  other  metallic  ores.  They 
are  sometimes,  however,  found  m beds  or  large 


ORES  OF  COPPER. 


413 


masses.  The  carbonates  of  copper,  and  particu- 
larly malachite,  exist  in  all  classes  of  rocks,  and 
sometimes  even  in  alluvial  soil.  Even  bones  and 
fossil  wood  are  sometimes  penetrated  with  these 
ores.  Limestone  also  sometimes  forms  a consi- 
derable repository  for  the  ores  oi  copper.  The 
Ecton  copper  mine  on  the  borders  of  Derbyshire, 
is  in  a rock  of  that  nature. 

Mines  of  Copper . — Copper  is  one  of  the  metallic 
substances  which  is  universally  distributed  over 
the  globe,  and  in  many  countries  it  is  found  in 
great  abundance. 

Britain. — Some  very  valuable  copper  mines 
have  been  long  wrought  in  this  country.  In 
Cornwall,  the  mines  of  copper  are  in  veins  which 
traverse  the  granite  of  that  country.  They  fre- 
quently accompany  the  tin  veins,  and  run  in 
the  same  direction,  which  is  generally  from  east 
to  west,  and  are  nearly  in  a vertical  position. 
Some  of  the  veins  are  from  four  to  five  feet  in 
thickness;  and  from  300  to  400  and  GOO  feet 

in  depth,  they  continue  to  be  equally  produc- 
tive. 

It  has  been  remarked,  that  in  the  veins  of  tin 
and  copper,  which  frequently  run  parallel  to  each 
other,  when  the  ore  of  the  one  is  abundant,  that 
of  the  other  is  more  sparingly  deposited.  It  has 
been  observed,  too,  that  the  ores  of  tin  are  gene- 
rally near  the  surface,  and  are  rarely  worth  work- 
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ing  beyond  the  depth  of  50  fathoms ; while  the 
greatest  quantity  of  copper  ore  is  met  with  from 
that  depth  downwards  to  100  fathoms 

The  copper  ores  of  Cornwall  are  chiefly  yellow 
ore,  or  copper  pyrites  and  vitreous  copper  ore ; 
and  they  are  usually  accompanied  with  other 
metallic  ores,  as  those  of  lead,  zinc,  and  cobalt ; 
and  with  fluor  spar,  lime  spar,  barytes,  and  quartz. 
Native  copper  is  also  no  uncommon  production  ; 
and  it  is  generally  deposited  in  that  part  of  the 
vein  which  is  nearest  to  the  surface,  and  is  the  least 
rich  in  other  ores.  Sometimes,  however,  it  is  met 
with  at  a considerable  depth,  as  in  Cook’s  kitchen 
mine,  which  yielded  several  tons  of  copper  fit  for 
immediate  fusion  f . The  mines  of  Cornwall  also 
occasionally  afford  malachite,  with  many  varieties 
of  the  arseniates  of  copper. 

The  produce  of  the  copper  mines  of  Cornwall, 
as  it  is  given  by  Pryce  if,  from  17 26  to  1735,  includ- 
ing a period  of  10  years,  was  64,800  tons  of  ore, 
which  was  sold  at  the  average  price  of  L.7  : 15  : 10 
per  ton,  and  the  amount  wa§  L.  473,500.  From 
1766  to  1775,  the  quantity  of  ore  was  264,273  tons, 
which  was  sold  at  the  average  price  of  L.  6:14:  6, 
and  brought  L.  1,778,337* 


* Pryce,  Mineralog.  Cornub.  p.  8.  Introduct. 
f Ibid.  p.  61.  t Ibid. 
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The  Ecton  mine,  which  lies  on  the  borders  of 
Derbyshire  and  Staffordshire,  is  one  of  the  most 
remarkable  copper  mines  in  the  kingdom.  It  is 
situated  in  a dark  brown  stratified  limestone,  the 
beds  of  which  are  greatly  deranged.  The  ore  is 
deposited  in  a large  accumulated  mass,  which  is 
called  by  the  Germans  Stockwsrk . It  is  supposed 
that  thib  mine  was  wrought  at  a very  early  period. 
At  one  time  about  1000  persons  were  employed  in 
the  works,  and  then  it  afforded  an  immense  produce 
of  rich  ore.  The  operations  are  now  carried  on  at 
the  extraordinary  depth  of  220  fathoms. 

1 he  most  common  ore  is  yellow  copper  ore 
which  is  accompanied  with  galena  and  blende, 
xand  with  calcareous  spar,  sometimes  in  fine 
rhomboidal  crystals,  fluor  spar,  and  barytes  *. 

Copper  ores  are  found  in  considerable  abun- 
dance in  different  parts  of  Wales;  but  the  great- 
est quantity  is  obtained  from  Pary’s  mountain,  in 
the  island  of  Anglesey.  Pary’s  mountain  is  about 
a mile  in  length,  and  it  is  the  property  of  Lord 
Uxbridge  and  the  reverend  Mr  Hughes.  The 
discovery  of  copper  ore  in  this  place  was  made 
between  SO  and  40  years  ago,  and  it  has  proved 
a most  beneficial  concern  to  the  proprietors.  The 
body  of  the  mountain  is  composed  chiefly  of  cop- 
per ore ; so  that  it  is  to  be  considered  as  a large 


p.  109. 


* Havre’s  Mineral,  of  Derbyshire, 

9 7 
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accumulated  mass  or  stockwerk  of  ore : and 
from  the  peculiar  mode  in  which  the  mineral  is 
deposited,  the  operations  are  carried  on  very  dif- 
ferently from  those  of  other  mines ; for  there  are 
comparatively  few  shafts  or  levels,  because  the 
greater  part  is  dug  out  in  the  manner  of  an  open 
quarry.  Two  of  these  quarries  or  mines,  belong- 
ing to  different  companies,  are  carried  on  ; the 
one  is  known  by  the  name  of  the  Mona  mine, 
and  is  the  sole  property  of  Lord  Uxbridge ; the 
other,  which  is  called  the  Pary’s  mine,  is  the  joint 
property  of  Lord  Uxbridge  and  Mr  Hughes*. 
“ The  view,”  says  Mr  Aikin,  “ down  this  steep 
and  extensive  hollow,  is  singularly  striking.  The 
sides  are  chiefly  of  a deep  yellow,  or  dusky  slate 
colour ; streaked,  however,  here  and  there  by 
fine  veins  of  blue  or  green  shooting  across  the 
cavern,  mingled  with  seams  of  grayish  yellow. 
The  bottom  of  the  pit  is  by  no  means  regular, 
but  exhibits  large  and  deep  burrows  in  various 
parts,  where  a richer  vein  has  been  followed  in 
preference  to  the  rest.  Every  corner  of  this  vast 
excavation  resounds  with  the  noise  of  pick-axes 
and  hammers ; the  edges  are  lined  with  workmen 
drawing  up  the  ore  from  below  ; and,  at  short  in- 
tervals, is  heard  from  different  quarters  the  loud 
explosion  of  the  gunpowder,  by  which  the  rock 


* Aikin’s  Tour,  p.  134. 
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is  blasted,  reverberated  in  pealing  echoes  from 
every  side 

The  rock  of  which  the  mountain  is  composed 
is  an  aluminous  schistus ; but  this  constitutes  a 
small  proportion  of  the  whole  mass,  forming  as 
it  were  only  an  external  covering  to  the  ore  which 
it  contains.  The  matrix  of  the  ore  is  described  as 
a black  gray  chert. 

The  ores  which  are  obtained  from  this  mine  are 
ilative  copper,  but  in  very  small  quantity  ; black 
ore,  which  contains  copper  mixed  with  galena, 
calamine,  and  a little  silver ; malachite,  or  green 
and  blue  carbonate  of  copper;  and  the  most  abun- 
dant of  all,  yellow  sulphureted  ore,  of  which 
the  richest  yields  about  25  per  cent . of  copper* 
Some  of  this  ore  is  so  poor  as  to  afford  only  ]i.  per 
cent . of  copper;  but  this  kind  is  Wrought  rather 
for  the  purpose  of  extracting  the  sulphur  than  the 
copper. 

The  ore  is  got  from  the  mine  by  blasting.  It 
is  then  broken  into  small  pieces  by  means  of  the 
hammci,  an  operation  chiefly  performed  by  wo- 
men and  children;  and  piled  into  a kiln,  to  which 
is  attached  by  means  of  flues,  a long  sulphur  cham- 
ber. The  kiln  is  covered  close ; a little  fire  is  ap- 
plied in  different  places;  the  whole  mass  gradually 


* Aildn’s  Tour,  p.  135. 
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kindles,  and  the  sulphur  sublimes  to  the  top  ot 
the  kiln,  from  which  it  is  conveyed  by  the  flues 
to  the  chamber.  This  process  is  continued  for  six 
months,  at  the  end  of  which  the  ore  is  fully  roast- 
ed, and  during  that  time  the  sulphur  chamber  is 
cleaned  four  times. 

But  the  sulphate  of  copper,  which  is  found  in 
solution  at  the  bottom  of  the  mine,  and  contains 
about  50  per  cent,  of  pure  metal,  affords  a greater 
produce  than  any  of  the  other  ores.  This  solu- 
tion is  pumped  up  into  cisterns  about  two  feet 
deep.  Of  these  cisterns  there  are  many  ranges, 
each  of  which  communicates  with  a shallow  pool 
of  considerable  extent.  Cast  iron  plates  and  da- 
maged iron  vessels  are  introduced  into  the  solu- 
tion in  the  cisterns,  when  the  sulphuric  acid  en- 
ters into  combination  with  the  iron,  and  the  cop- 
per is  precipitated  in  the  form  of  a red  sediment, 
and  nearly  in  the  metallic  state.  The  cisterns  uie 
let  off  four  times  in  the  year,  when  the  sulphate  of 
iron  in  solution  is  let  off  into  the  hollow  pool,  and 
the  copper  is  taken  to  a kiln,  where  it  is  well 
dried,  and  is  then  ready  for  exportation. 

The  greatest  depth  of  the  mine  is  about  50  fathoms, 
at  that  depth  the  ore  is  equally  abundant,  andis  sup- 
posed to  be  superior  in  quality  to  that  which  was 
found  nearer  the  surface.  The  number  of  men 
employed  at  the  two  mines,  including  the  smel- 
ters, is  about  1300,  and  it  is  supposed  that  the  an- 
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fttial  quantity  of  ore  obtained  from  both  mines  ii 
from  50,000  to  80,000  tons  *. 

Scotland. — Ores  of  copper  are  occasionally  found 
in  the  lead  mines  in  different  places  of  Scotland ; 
but  sometimes  they  have  been  met  with  in  such 
abundance,  as  to  constitute  the  predominant  ore. 
Such,  for  instance,  was  the  copper  mine  at  Aithrey, 
in  the  Ochil  hills,  north-east  from  Stirling.  The 
ore  obtained  from  that  mine  was  chiefly  gray  cop- 
per ore.  Some  years  ago  copper  wras  extracted 
from  the  sandstone  rocks  in  the  neighbourhood 
of  Gourock,  on  the  western  coast  of  Scotland. 
The  oie  is  111  the  state  of  carbonate,  and  dissemi- 
nated not  only  in  fissures,  but  sometimes  through 
the  whole  substance  of  the  rock.  The  existence 
Oi  coppei  ore  in  the  neighbourhood  of  the  village 
of  Currie,  about  five  miles  west  from  Edinburgh 
has  been  already  noticed  by  the  author.  This  ore 
is  said  to  be  deposited  in  limestone.  A specimen 
from  that  place  was  lately  put  into  my  hands  for 
examination.  The  ore  seems  to  be  in  the  same 
state  with  that  of  the  copper  ore  from  Gourock ; but 
I have  not  vet  been  able  to  obtain  any  precise  in- 
foimation  with  regaid  to  its  geological  history. 

At  Sandlodge  in  Shetland,  a copper  mine  was 
wrought  in  the  year  1803*  The  rock  containing 
the  mine  or  vein  is  sandstone,  which  at  the  depth 


* Aikin’s  Tour,  p.  140. 
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of  22  fathoms  is  succeeded  by  what  is  described 
as  a petrosiliceous  or  quartzy  rock,  which  is  tra- 
versed by  numerous  veins  of  brown  quartz.  The 
principal  vein  is  said  to  lie  between  the  sandstone 
and  the  quartzy  rock,  in  a direction  from  north- 
east to  south-west,  from  which  it  would  appear 
that  the  ore  is  deposited  in  the  form  of  a bed, 
rather  than  in  that  of  a vein.  Beside  various  iron 
ores,  the  copper  ores  which  have  been  obtained 
from  this  mine  are  chiefly  carbonate  of  copper,  of 
a rich  green  colour,  in  a friable  and  amorphous 
form,  and  beautiful  fibrous  malachite,  which  is 
imbedded  in  iron  ore ; sulphuret  of  copper,  or 
copper  pyrites,  which  is  sometimes  disseminated 
in  feldspar,  and  sometimes  in  large  masses  of  iron 
ore.  The  fine  specimens  of  malachite  were  found 
near  the  bottom  of  the  mine.  An  expenditure  of 
nearly  L.  10,000  Sterling,  was  incurred  in  forming 

a mining  establishment  at  this  place ; but  as  the  ope- 

• # 

rations  proved  unsuccessful,  they  have  been  since 
abandoned.  The  hills  in  the  neighbourhood  of 
this  place  afford  copper  pyrites  in  considerable 
quantity,  and  at  Conningsburgh  cliffs  a vein  of 
that  ore  was  wrought  a few  years  ago ; but  that 
too  has  failed,  from  the  scarcity  of  ore,  and  at  this 
mpment  I do  not  know  of  a single  copper  mine  in 
Scotland  which  is  in  a state  of  active  operation*. 


* Trail,  Nicliol.  Jour*  xv.  p,  364?r 
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Ireland . — There  are  extensive  copper  mines  at 
Cronebane  and  Ballymurtagh,  in  the  county  of 
Wicklow  in  Ireland.  At  the  latter  place  the 
mines  were  opened  more  than  half  a century  ago. 
The  mountains  containing  the  veins  are  composed 
of  argillaceous  schistus,  and  the  ore  is  chiefly  cop- 
per pyrites,  which  yields  from  7 to  10  per  cent, 
of  copper. 

The  greater  proportion  of  the  ore,  after  being 
separated  from  the  matrix,  is  roasted  and  smelted 
in  the  usual  way,  but  a good  deal  of  it  is  exposed 
to  the  atmosphere,  and  with  the  aid  of  moisture 
the  sulphur  is  converted  into  sulphuric  acid,  thus 
forming  a sulphate  of  copper.  This  process  is 
greatly  promoted  by  applying  heat.  The  sulphate 
of  copper  is  decomposed  by  means  of  iron,  as  de- 
scribed above,  and  the  copper  is  obtained  in  the 
metallic  state.  The  Cronbane  mines  exported  in 
1800  above  1800  tons  of  ore*. 

Copper  ore  has  been  discovered,  and  it  is  said 
irom  the  indications,  in-  considerable  quantity,  in 
various  other  places  of  Ireland,  as  in  the  hill  of 
Allen,  m the  hills  of  Kilmurry  in  the  county  of 
Kildare  \ similar  appearances  have  been  observed 
m the  Queen’s  county,  as  well  as  in  the  counties 
f Waterford,  of  Tipperary,  where  green  mala- 


* Fraser’s  Survey  of  Wicklow  p.  14. 
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chite  has  been  met  with  in  great  quantities ; in 
the  county  of  Cork,  and  some  other  places  *. 

France. — It  does  not  appear  that  the  copper 
mines  of  France  are  of  any  great  importance. 
The  mines  of  Baigorry  in  the  western  Pyrenees, 
afforded  annually  2500  quintals  of  copper  pre-* 
vious  to  the  year  1770,  but  they  are  now  nearly 
exhausted.  There  are  some  copper  mines  in 
Languedoc,  but  the  most  valuable  are  those  of 
Chessy  and  St  Bel  near  Lyons,  whose  annual  pro- 
duce is  about  3000  quintals  of  copper.  The  ore 
found  at  the  latter  place  is  chiefly  copper  pyrites, 
which  is  so  poor  as  to  yield  only  about  3 per  cent. 
It  is  extracted  from  a powerful  vein,  which  tra- 
verses a rock,  approaching  to  the  nature  of  stea- 
tites f . 

Spain. — The  copper  mines  of  Spain  are  not 
more  important  than  those  of  France.  They  are 
situated  on  the  frontiers  of  Portugal.  The  ore  is 
copper  pyrites,  which  exists  m a vein  ot  l60  feet 
thick,  but  it  does  not  afford  more  than  4 or  6 per 
cent,  of  copper,  and  the  whole  produce  is  not 
more  than  from  200  to  300  quintals  of  copper ; 
but  part  of  the  vein  only  near  the  surface  has  been 
opened.  This  mine,  according  to  the  tradition  of 
the  country,  was  wrought  in  the  time  of  the  Car- 


* Fraser’s  Gleanings  in  Ireland,  p.  16. 

\ Brongniart’s  Mineralogie,  tome  ii.  p.  23  k 
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ihagrnians  *.  Other  mines  have  been  wrought  in 
different  places  of  Spain  in  former  times,  but  they 
are  now  either  exhausted  or  neglected. 

Germany . — Germany  contains  some  valuable 
mines  of  copper ; in  particular,  the  mines  ot 
Hessia  are  remarkable  on  account  .ot  the  ore 
being  deposited  in  a bituminous  stratum  of  marl 
schistus.  This  stratum  is  not  more  than  from 
four  to  eight  inches  thick,  but  it  is  of  great  ex- 
tent. It  is  found  at  the  depth  of  200  feet,  and  is 
covered  by  the  following  strata. 


Vegetable  earth  from 

6 

to 

12  feet 

Whitish  limestone 

36 

to 

48 

Blue  clay  with  .gypsum 

48 

to 

60 

Blue  limestone 

48 

to 

54 

Beds  of  gypsum  mixed  with  beds 

of  clay  - 

42 

to 

48 

Swinestone 

6 

to 

9 

Limestone 

12 

to 

21 

Aluminous  schistus  with  iron  pyrites 

2 

Bed  of  copper  ore 

4 to  8 

inches. 

The  ore  contained  in  this  bed  is  chiefly  copper 
pyrites,  but  sometimes  vitreous  copper  ore  and 
red  oxide  of  copper  appear.  The  schistus  con- 
taining the  copper  pyrites  is  frequently  mark- 
ed with  the  impressions  of  fishes,  and  it  has  been 


* Jour,  des  Mines.  No.  xxxix.  p.  400, 
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observed  that  the  ore  becomes  richer  as  the  im- 
pressions become  more  numerous.  Similar  im- 
pressions are  also  observed  in  the  pyritous  schis- 
tus  which  forms  the  covering  of  the  copper  ore, 
And  sometimes,  but  rarely,  in  the  bed  of  limestone 
which  is  below  it.  Under  the  copper  schistus 
there  is  a small  stratum  of  sand  of  two  inches  in 
thickness,  which  is  equally  impregnated  with  cop- 
per. A reddish  sandstone  approaching  to  a kind 
of  pudding  stone  next  succeeds,  which  serves  as  a 
base  for  the  other  strata.  The  thickness  of  this 
last  stratum  is  unknown. 

The  bearing  or  course  of  the  strata  now  de- 
scribed is  from  east  to  west,  and  the  inclination, 
which  is  about  a fathom  in  8 or  10,  is  to  the  south. 
These  strata  are  intersected  by  veins  containing 
only  heavy  spar,  quartz,  and  lime  spar,  excepting 
a few  which  yield  cobalt  at  a considerable  depth, 

The  copper  schistus  does  not  yield  more  than 
from  ‘2  to  3 per  cent . of  copper,  but  it  is  said  to 
be  peculiarly  useful  in  the  manufacture  of  brass. 

The  most  considerable  of  the  mines  of  Hessia 
is  that  of  Riegelsdorff,  which  yields  annually  2500 
quintals  of  copper, 

There  are  similar  mines  of  copper  at  Franken- 
berg  near  Cassel,  and  at  Bieber  in  Hanau,  as  well 
as  at  Eisleben  in  the  county  of  Mansfeld,  and  in 
the  duchy  of  Magdeburg. 

Hungary. — There  are  some  valuable  copper 
mines  in  Hungary,  and  particularly  those  of 
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Herengrund  near  Neusohl.  The  mineral  is  in 
the  form  of  gray  copper  ore,  which  is  deposited 
in  beds  of  considerable  thickness,  in  a breccia  of 
micaceous  schistus. 

Sweden . — One  of  the  most  extensive,  and  one 
of  the  most  productive  copper  mines  in  the  world, 
is  at  Fahlun,  in  the  province  of  Dalecarlia  in 
Sweden,  lhis  mining  district,  which  is  included 
in  a space  of  Q leagues  in  length  by  2!- in  breadth, 
is  surrounded  by  a reddish  granite,  which  becomes 
of  a finer  grain  as  it  approaches  the  centre  of  the 
space  now  described,  and  is  then  succeeded  by  a 
micaceous  rock,  which  divides  into  rhomboidal 
fragments. 

1 he  mine  itself  is  comprehended  within  a space 
of  1200  feet  long  by  700  broad,  and  consists  of  an 
enormous  mass  of  iron  and  copper  pyrites,  lying 
m a vertical  position  from  north-west  to  south- 
east, which  is  the  direction  of  the  valley  in  which 
it  is  deposited.  The  ore  is  in  immediate  contact 
with  a schistose  steatites,  which  may  be  taken  for 
the  hanging  or  ledger  side  indifferently.  The 
copper  pyrites  occupies  the  sides  of  the  vein,  and 
in  the  middle  of  the  mass  is  the  iron  pyrites.  This 
central  part,  however,  is  sometimes  filled  by  veins 
of  the  rock  itself.  To  the  west  of  the  principal 
vein,  three  other  veins  are  wrought,  which,  as  they 
aie  separated  only  by  thin  partitions  of  the  mica- 
ceous  locfc>  niay  be  regarded  as  one.  They  are 
remaikable  on  account  of  their  position,  by  dev 
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scribing  a semicircle,  and  embracing  the  large 
masses  of  ore. 

On  the  principal  vein  there  is  an  immense 
opening,  which  is  not  less  than  840  feet  long  by 
720  broad,  and  240  deep.  This  frightful  gulf  was 
produced  in  the  year  1687,  by  the  works  falling  in, 
in  consequence  of  the  subterraneous  operations 
having  been  improperly  conducted. 

This  celebrated  mine  was  lately  visited  by  an 
English  traveller  *,  who  describes  the  mass  of  ore 
as  lying  in  the  form  of  an  inverted  cone,  and  the 
excavation,  according  to  this  account,  has  been 
carried  to  the  depth  of  200  fathoms  j and  it  is  sup- 
posed that  this  is  nearly  the  utmost  extent  of  the 
mass  of  ore,  as  the  operations  begin  to  be  more 
limited.  Five  hundred  persons  are  employed  in 
this  mine,  the  ore  from  which,  it  is  said,  produces 
the  best  copper  in  Europe.  In  this  mine  the  ce- 
lebrated Gustavus  Vasa,  king  of  Sweden,  when 
driven  from  bis  throne,  worked  for  some  time,  to 
procure  the  means  of  subsistence. 

In  the  mine  of  Garpenberg,  which  is  about  18 
leagues  from  Fahlun,  there  are  no  fewer  than  14 
veins  in  a vertical  position,  and  all  parallel  to  each 
other.  They  are  situated  in  a quartzose  micaceous 
.schist us,  which  is  also  disposed  parallel  to  the  veins, 
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This  circumstance  shows  that  these  veins  are  to  he 
considered  as  vertical  strata,  and  not  true  veins, 
which  traverse  other  rocks  *. 

Asia. — In  Siberia  there  are  two  principal  cop- 
per mines,  and  they  are  both  situated  in  the  exten- 
sive chain  of  the  Uralian  mountains.  One  of  these 
mines  called  Goumechefski,  is  about  14  leagues  to 
the  south-west  of  Catharineburgh,  and  in  the  cen- 
tral part  of  the  chain.  This  celebrated  mine  is 
in  a kind  of  plain  on  the  border  of  a lake,  which 
is  entirely  surrounded  by  primitive  mountains. 
The  vein  is  nearly  in  a vertical  position,  and  ar- 
ranged between  a bed  of  white  primitive  marble 
from  five  to  six  fathoms  thick,  and  an  argillaceous 
schistus  nearly  in  a state  of  decomposition.  The  ma- 
trix of  the  ore  is  a clay  of  different  colours,  and  the 
ores  consist  chiefly  of  native  copper  in  grains  and 
in  small  masses,  with  some  vitreous  copper  ore  ; 
and  the  fissures  and  cavities  are  encrusted  with 
malachite.  It  is  from  this  mine  that  the  splendid 
specimens  of  the  latter  variety  of  copper  ore,  which 
adorn  the  cabinets  of  mineralogists,  are  obtained. 
It  is  observed  that  the  ore  is  not  found  at  a greater 
depth  than  from  20  to  25  fathoms,  and  it  is  usuaU 
ly  richest  on  that  side  of  the  vein  which  is  nearest 
to  the  limestone  or  marble.  The  length  of  this 
vein  is  about  20Q  fathoms,  and  its  thickness  va- 
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ries  from  one  to  ten  fathoms.  The  produce  of 
copper  is  only  about  3 or  4 per  cent . but  the  an- 
nual amount  is  4000  quintals  of  metal. 

The  other,  mines  of  Siberia  are  those  of  Tou- 
rinski  on  the  river  Touria,  above  100  leagues  to 
the  north  of  Catharineburgh.  They  are  situated 
on  the  eastern  base  of  the  Uralian  chain.  The 
rocks  of  which  the  hills  are  composed  consist  of 
a brittle  hornstone  porphyry,  of  an  olive  colour. 
This  porphyry  reposes  on  argillaceous  schistus,  on 
which  lies  a thick  bed  of  white  marble,  and  near- 
ly in  a vertical  position.  The  vein  is  included  in 
the  latter  rock,  the  thickness  does  not  exceed  4 
fathoms,  and  it  is  from  20  to  25  in  depth.  One 
side  of  the  vein  is  encrusted  with  a brownish  co- 
loured ochre,  and  on  the  other  is  a yellowish  in- 
durated clay,  in  which  are  deposited  beautiful 
specimens  of  native  copper  in  a dendritical  form, 
the  branches  sometimes  penetrating  the  marble  it- 
self, or  entirely  imbedded  in  that  rock. 

The  matrix  of  the  ore  in  these  mines  is  clay, 
like  that  of  the  former,  but  is  much  richer,  and 
often  exhibits  a beautiful  appearance,  being  varied 
with  veins  of  blue  and  green  steatites,  red  oxide  of 
copper,  with  fragments  of  the  different  varieties  of 
malachite,  large  masses  of  gray  copper  ore,  and 
not  unfrequently  native  copper.  The  ore  yields 
from  18  to  20  per  cent,  and  the  annual  produce  is 
20,000  quintals  of  copper.  . 
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Other  parts  of  the  Siberian  territory  yield  cop- 
per in  considerable  quantity,  and  particularly  0 
the  western  side  of  the  Uralian  mountains,  where 
there  is  an  immense  deposition  of  clay  and  sand, 
mixed  with  the  remains  of  vegetables  and  green 
and  blue  oxides  of  copper*  It  has  been  conjec- 
tured that  this  immense  deposition  was  pro- 
duced by  the  great  currents  of  the  ocean  from 
east  to  wTest,  carrying  with  them  the  rubbish  from 
the  copper  veins  in  the  east.  Trunks  of  the  palm 
tree  and  of  the  bamboo,  and  sometimes  even  en- 
tire trees,  which  have  been  converted  into  copper 
ores,  are  found  among  this  sand  *. 

Ores  of  copper,  and  particularly  native  copper, 
are  also  met  with  in  the  peninsula  of  Kamtschat- 
ka*  Japan,  it  wrould  appear,  contains  valuable 
mines  of  copper.  It  is  met  with  in  China,  and  in 
Eorneo,  Formosa,  Timor ; and  in  other  islands  of 
the  Indian  Archipelago,  copper  is  by  no  means  a 
rare  production. 

jifi  icci.— — INdines  of  copper  have  been  discovered 
in  various  parts  of  the  extensive  continent  of  Af- 
rica, as  in  the  kingdom  of  Morocco,  Abyssinia, 
&c. ; and,  according  to  Mr  Barrow,  it  is  not  un- 
common in  the  mountains  to  the  north  of  the  Cape 
of  Good  Hope,  in  the  country  of  the  Namaquas, 
on  the  western  coast  of  Southern  Africa.  The 


Patrin,  vol,  v,  p.  97. 


4m 


ORES  OF  IRON. 


ore  is  copper  pyrites,  which  is  supposed  to  be  rich 
and  easily  reduced,  as  the  natives  are  acquainted 
with  the  art  of  extracting  the  metal 

America. — -The  copper  mines  of  South  America 
are  uncommonly  rich,  and  it  is  supposed  far  ex- 
ceed those  of  Europe..  The  richest  are  in  the 
province  of  Coquimbo  in  Chili,  and  they  afford 
masses  of  native  copper  of  immense  size.  Copper 
ores  are  also  abundant  in  Peru  and  Mexico,  and 
those  which  are  most  common  are  gray  copper 
ore,  azure  copper  ore,  and  malachite. 

In  North  America,  masses  of  native  copper  are 
frequently  met  with  near  Hudson's  Bay.  These 
are  directly  converted,  by  means  of  the  forge,  to 
domestic  purposes. 


SECT.  VL 
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Iron,  which  is  one  of  the  most  useful,  is  also 
one  of  the  most  abundant  of  the  metals.  It  is  at 
the  same  time  universally  diffused.  With  the  ex- 
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ception  of  native  iron,  this  metal  exists  in  all  the 
different  states  in  which  metallic  ores  are  found. 

Ores  of  Iron. — Native  iron  has  been  excepted 
from  the  ores  of  that  metal,  because  its  existence 
as  a terrestrial  production  still  remains  doubtful. 
The  instances  of  *the  discovery  of  native  iron, 
which  have  been  fully  established,  are  those  of  an 
immense  mass,  which  was  found  by  Pallas  in  Sibe- 
ria, and  which  amounted  to  no  less  than  1680  lbs. 
or  15  cwt. ; another  of  3 cwt.  which  was  discover- 
ed by  Rubin  de  Celis  in  South  America;  and 
some  others  of  smaller  magnitude  mentioned  by 
Humboldt.  But  as  these  masses  very  nearly  cor- 
respond w7ith  the  substances  which  are  certainly 
known  to  have  fallen  from  the  atmosphere,  in  the 
nature  and  proportions  of  their  constituent  parts, 
it  is  supposed,  and  with  much  probability,  that 
they  have  had  a similar  origin. 

The  fact  of  the  descent  of  meteoric  stones  from 
the  atmosphere  rests  on  the  most  indubitable  evi- 
dence, which  has  been  furnished  by  the  records 
of  history  from  a period  of  600  years  before  the 
Christian  sera,  and  by  the  testimony  of  living  wit- 
nesses in  almost  every  country  of  the  world,  who 
have  had  ocular  proof  of  the  phenomena.  The 
constituent  parts  of  native  iron  are  found  to  be, 
according  to  Klaproth,  wrho  examined  a specimen 
of  the  mass  from  Siberia,  from  96f  to  C)8f  of  iron, 
and  If  to  3f  ot  nickel ; and  the  constituent  parts 
of  some  meteoric  stones  which  fell  in  France 
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stated  to  be  silica  54,  oxidated  iron  3d,  magnesia 
nickel  3,  sulphur  2,  and  lime  1 ; and,  according 
to  the  analysis  of  others,  a small  proportion  of 
chromium. 

Various  opinions  have  been  held  concerning 
the  origin  and  formation  of  meteoric  stones.  Ac- 
cording to  some,  they  have  been  ejected  from  vol- 
canoes on  the  earth  ; and  according  to  others,  from 
lunar  volcanoes,  with  such  a degree  of  force  as  to 
overcome  the  power  of  gravitation  towards  the 
moon,  and  thus  be  carried  towards  the  earth. 
Some  ascribe  their  origin  to  those  meteors  which 
exist  in  the  atmosphere,  and  suppose  that  they 
are  produced  from  the  gaseous  elements  of  the 
substances  of  which  they  are  composed.  But  a 
more  extraordinary  opinion  has  been  started  by 
others,  that  they  are  fragments  of  a planet  which 
has  burst  in  consequence  of  some  tremendous  ex- 
plosion. These  opinions,  it  is  obvious,  are  mere 
conjectures,  and  the  difficulty  yet  remains  un- 
solved, to  account  in  a satisfactory  manner  for  the 

origin  of  meteoric  stones. 

Iron  pyrites  exhibits  many  varieties  of  form  and 
colour.  Sometimes  it  is  radiated,  sometimes  ca- 
pillary or  acicular,  and  sometimes  crystallized. 
The  colour  is  bronze  yellow,  golden  yellow,  or 
, steel  gray ; sp.  gr.  4*6  to  4*8  ; and  the  constituent 
parts  sulphur  52*5,  iron  47*5.  Some  varieties 
contain  a small  portion  of  gold,  and  others  a por- 
tion of  arsenic. 
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Magnetic  pyrites  is  of  a copper  red  or  bronze 
yellow  colour,  and  contains  a greater  proportion 
of  iron,  by  which  it  is  attracted  by  the  magnet. 
The  constituent  parts  are  iron  6'j*o,  sulphur  3 6*5. 

Magnetic  iron  ore  is  so  denominated,  because  it 
attracts  the  magnetic  needle,  and  even  iron  filings. 
Sometimes  it  is  in  a compact  form,  when  it  is  de- 
nominated a natural  magnet,  and  sometimes  in 
small  grains  like  sand.  Sp.  gr.  4*2  to  4-9  ; and 
the  constituent  parts  are  supposed  to  be  iron  80  to 
90,  oxygen  10  to  20. 

Specular  iron  ore  exists  either  in  masses  or 
crystallized,  of  a steel  gray,  bluish  or  reddish  co- 
lour, sometimes  tarnished  and  iridescent.  Sp.  gr. 
4*7  to  5 '2.  I his  ore  affects  the  magnetic  needle, 
but  does  not  attract  iron  tilings.  It  is  supposed  to 
be  an  oxide  of  iron  containing  from  60  to  80  per- 
cent. of  metal. 

Red  iron  ore  includes  several  varieties,  as  red 
iron  froth,  compact  red  iron  ore,  red  haematites, 
and  ted  ochie.  The  constituent  parts  are  oxide 
of  iron  from  GO  to  70,  silica  from  4 to  20,  with  a 
portion  of  alumina  and  manganese. 

Broun  iron  oie  includes  similar  varieties  with 
the  preceding  species,  and  probably  differs  from 
it  only  in  the  proportion  of  its  constituent  parts. 

Sparry  iron  ore  exists  either  massive  or  crystal- 
lized, of  a yellowish  gray,  or  grayish  white  co- 
lour. Sp.  gr.  3*(j  to  4?  and  its  constituent  parts 
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are  supposed  to  be  equal  parts  of  carbonate  of 
lime  and  of  iron,  with  -j-th  of  manganese. 

Black  iron  ore  contains  two  varieties,  compact 
black  irorl  ore  and  black  haematites.  The  colour 
is  steel  gray  or  bluish  black,  and  it  is  supposed 
that  it  contains  a larger  portion  of  manganese, 
with  alumina  and  lime,  than  some  of  the  other 
ores  of  iron. 

Argillaceous  iron  stone  • comprehends ] several 
varieties,  as  red*  chalk,  which  is  of  a dark  or 
blood  red  colour  ; columnar  iron  stone,  of  the 
same  colour,  or  brownish  red ; granular  iron 
stone ; common  iron  stone ; kidney-form  iron  stone 
in  a nodular  form,  and  kilown  by  the  name  of 
eagle  stone;  and  pisiform  iron  ore,  which  is  in  small 
spherical  or  flattened  particles,  and  of  a brown- 
ish red  colour.  The  constituent  parts  of  the  va- 
rieties now  enumerated  are  from  30  to  60  of  iron, 
with  a variable  proportion  of  oxygen,  alumina,  si- 
lica, and  water. 

Bog  iron  ore  also  includes  several  varieties,  de- 
nominated morassy,  swampy,  or  meadow  iron  ore, 
according  to  their  repository.  These  varieties  ex- 
ist in  the  form  of  earthy,  amorphous,  tubercu- 
lated  of  corroded  masses,  and  are  of  a blackish  or 
yellowish  brown  colour.  The  constituent  parts  are 
oxide  of  iron  combined  with  the  phosphate  of  iron, 
and  alumina  and  silica. 

Blue  and  green  earthy  iron  ore  is  so  denomi- 
nated from  its  colour,  is  in  a friable  form,  and  was 
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supposed  to  be  a native  Prussian  blue ; but  ac- 
cording to  a late  analysis,  it  is  composed  of  phos- 
phate of  iron  with  aluminous  earth. 

Phosphate  of  iron  is  met  with  in  the  form  cf 


rounded  pieces,  composed  of  capillary  crystals 
the  colour  bluish,  from  a blue  powder  coating  the 
crystals.  Sp.  gr.  2*5  to  2-6.  Constituent  parts  are 
oxide  of  iron  42,  phosphoric  acid  27,  silica  3,  alu- 
mina 5,  lime  9,  water  13. 

Pitchy  iron  ore,  or  phosphate  cf  iron,  is  of  a 
reddish  brown  or  black  colour.  Sp.  gr.  3.9.  Con- 
stituent parts,  oxide  cf  iron  31,  oxide  of  manga- 
nese 42,  phosphoric  acid  27. 

Aiseniate  of  iron  is  of  an  olive  green,  yellow 
or  hi  own  colour,  and  is  crystallized  in  the  form  of 
small  cubes,  which  are  grouped  together.  Sp.  gr.  3. 

Constituent  parts,  oxide  of  iron  48,  arsenic  acid  18, 
lime  2,  water  32. 


Arscniate  of  iron  and  copper  is  crystallized  in 
four-sided  rhomboidal  prisms,  colour  bluish  white, 
crystals  semitransparent.  Sp.  gr.  3*4.  Constituent 
parts,  oxide  of  iron  27*5,  oxide  of  copper  22*5  ar 
senic  acid  33*5,  silica  3,  and  water  12. 

Chromate  of  iron  is  of  a grayish  or  blackish 
brown  colour.  Sp.  gr.  4-03.  Infusible  before  the 
J ow-pipe,but  melts  with  borax,  and  imparts  a beau- 
tiful green  colour.  Constituent  parts  are  oxide  of 
iron  30,  chromic  acid  43,  alumina  20,  and  silica  2 
Repositories  of  Iron  Ora.— The  great  abundance' 
and  universal  dilfusion  of  iron  have  been  already 
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noticed.  It  exists  in  every  kind  of:  soil,  and  in 
every  kind  of  rock,  in  a smaller  or  greatei  propoi- 
tion,  and  it  is  met  with  in  every  region  ot  the  earth  : 
But  it  has  been  observed,  that  the  black  or  deep 
brown  oxides  ot'  iron,  or  the  ores  ot  iron  which 
contain  a large  proportion  of  metal,  combined 
with  a small  proportion  of  oxygen,  belong  exclu- 
sively to  primitive  rocks,  and  constitute  an  inte- 
grant part  of  these  rocks.  On  the  other  hand,  the 
ores  of  iron  which  are  composed  of  the  red  oxide, 
have  their  repository  among  the  secondary  rocks. 
If  such  ores  are  met  with  among  the  primitive 
rocks,  they  exist  in  veins,  and  do  not  form  a con- 
stituent part  of  these  rocks,  as  in  the  case  of  the 
black  oxides. 

The  ores  of  iron  might  perhaps  admit  of  a na- 
tural division  into  iron  ores,  properly  so  called,  in 
which  the  proportion  of  iron  is  great,  with  very 
little  extraneous  matter,  and  iron  stones,  which 
contain  a large  proportion  of  earthy  matter,  and 
exhibit  more  of  an  earthy  than  of  a metallic  ap- 
pearance. According  to  this  division,  it  might 
be  said  that  the  primitive,  and  some  of  the  se- 
condary rocks,  are  the  chief  repositories  of  iron 
ores,  and  that  the  iron  stones  exist  solely  among 
the  secondary  rocks,  and  sometimes  also  in  allu- 
vial soil.  „ . 

It  has  been  remarked  lhat  the  ores  ot  iron  are 

richer,  of  a purer  quality,  and  more  abundant  in 
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the  northern  than  in  the  southern  regions  of  the 
earth. 

Mines  of  Iron. — There  are  few  countries  in  the 
world  which  do  not  contain  mines  of  iron,  and 
there  are  few  also  who  have  made  any  progress 
in  improvement  and  civilization,  who  do  not  ex- 
tract the  ores,  and  convert  them  to  the  various 
useful  purposes  for  which  that  metal,  above  all 
others,  is  peculiarly  valuable. 

Britain. — The  extraction  and  manufacturing  of 
the  ores  of  iron  commenced  at  a very  early  period 
in  this  country,  and  within  the  last  30  or  40  years 
numerous  extensive  establishments  have  been 
made  in  various  parts  of  the  kingdom.  The  ores 
of  iron  are  met  with  in  great  abundance  in  the 
county  of  Cumberland,  where  there  is  a band  of 
solid  ore  24  feet  in  thickness.  This  began  to  be 
wrought  on  a large  scale  about  the  year  1 7 8 j , for 
the  purpose  of  exporting  it  to  the  Canon  and  other 
iron  works  in  Scotland.  In  1791  and  17.92,  the 
amount  of  the  annual  exportation  exceeded  20,000 
tons.  This  ore  was  thought  necessary  to  smelt 
along  with  the  iron  stones,  which  are  the  chief 
native  materials  from  which  the  iron  is  extracted 
in  Scotland  ; but  from  improvements  and  disco- 
veries made  in  the  smelting  operations,  they  are 
found  to  succeed  without  the  aid  ol  this  ore,  so 
that  its  importation  lias  now  greatly  declined.  But 
the  principal  materials  of  the  iron  works  in  Britain 
are  the  iron  stones,  which  are  found  accompany 
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ing  coal  strata.  These  are  either  in  the  form  of 
rounded  flattened  nodules,  imbedded  in  the  strata 
oi  aluminous  schistus,  or  in  the  form  of  beds  of 
various  thickness,  also  constituting  some  of  the 
strata  which  accompany  coal.  It  would  exceed 
our  limits  even  to  enumerate  the  various  iron 
works  which  have  been  established  in  different 
parts  of  England  and  Scotland.  In  the  northern 
part  of  the  kingdom,  those  of  Wilsonton,  Cle- 
land,  and  Shots  in  Lanarkshire,  and  of  Carron 
in  Stirlingshire,  which  is  on  the  largest  scale  of 
any  in  Britain,  are  the  most  important  and  ex- 
tensive establishments.! 

France — contains  numerous  establishments  of  the 
same  kind,  which  have  been  greatly  extended  since 
the  commencement  of  the  revolution.  The  iron 
ores  are  chiefly  met  with  in  the  vicinity  of  the 
Pyrenees,  and  they  are  deposited  in  veins,  some 
of  which  are  from  six  to  eight  feet  thick.  Iron 
stones  are  also  abundant  in  France,  and  particu- 
larly in  those  parts  of  the  kingdom  where  coal 
strata  are  predominant. 

Island  of  Elba. — This  island  possesses  one  of  the 
richest  iron  mines  in  the  world,  the  existence  of 
which  seems  to  have  been  known  from  the  ear- 
liest ages.  The  ore  is  chiefly  specular  iron  ore, 
and  constitutes  an  entire  mountain,  which  is  sur- 
rounded by  mountains  of  granite,  of  which  the 
island  is  chiefly  composed.  The  mountain  con- 
taining the  mass  of  ore  is  called  Rio,  and  is  about 
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500  feet  in  height,  and  about  3 miles  in  circum- 
ference. The  surface  of  the  mountain  is  covered 
with  a reddish  ochry  earth,  which  is  full  of  small 
shining  scales  of  iron  ore.  This  earth  is  in  some 
places  several  feet  in  thickness.  Under  this  the 
whole  mass  of  the  mountain  consists  of  metallic 
ore,  or  rather,  it  is  composed  of  accumulated 
masses  thrown  together  without  any  regular  beds, 
and  without  any  order.  The  masses  are  deposited 
in  an  ochry  substance,  which  may  be  considered 
as  their  matrix ; and  beside  the  specular  ore,  which 
is  predominant,  the  other  species  and  varieties  of 
iron  ores  are  sometimes  met  with. 

The  iron  mines  in  Elba  were  wrought  in  the 
time  of  the  Romans  by  means  of  excavations  car- 
ried into  the  mountain ; but  now  the  ore  is  dug 
out  to  the  day  in  the  manner  of  an  open  quarry. 

Ferber  has  conjectured  that,  as  the  iron  ores  in 
the  mines  of  Rio  in  Elba  are  of  the  same  nature 
with  those  in  the  Tuscan  territory,  and  as  they 
have  the  same  position,  they  are  to  be  considered 
as  a continuation  of  the  same  body  of  ore ; and 
hence  it  is  inferred  by  Patrin,  that  the  mass  of 
ore  in  the  island  of  Elba  is  part  of  a great  vein  of 
immense  extent. 

Spain. — The  principal  iron  mines  in  this  king- 
dom are  in  the  provinces  of  Biscay  and  Catalo- 
nia ; and  the  ores  from  which  iron  is  chiefly  ex- 
tracted are  sparry  ore,  red  and  brown  hsematites. 

Germamj.— Many  parts  of  Germany  have  been 
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long  celebrated  for  the  great  abundance  and  ex- 
cellent quality  of  the  iron  which  is  extracted  from 
the  native  ores,  particularly  in  Stiria,  Carinthia, 
and  Franconia. 

Sweden  and  Norway. — The  iron  mines  of  Swe- 
den have  been  long  celebrated  on  account  of  the 
rich  ores  which  they  afford,  and  the  excellent  qua- 
lity of  the  iron.  The  most  remarkable  are  those  of 
Danemora,  discovered  in  1470,  and  which  are  si- 
tuated at  the  distance  of  four  Swedish  miles  from 
Upsal.  These  mines  are  in  primitive  rocks,  and 
the  ore,  it  is  said,  forms  entire  mountains  ; but  ac- 
cording to  the  account  of  others,  it  is  deposited  in 
the  form  of  a great  vein.  It  is  wrought  to  the 
day,  and  the  greatest  depth  is  80  fathoms. 

Twelve  hundred  persons  are  constantly  em- 
ployed in  the  different  operations  connected  with 
these  mines. 

The  mountain  of  Taberg  in  Smoland,  which  is 
very  steep,  and  of  considerable  elevation,  is  re- 
markable on  account  of  the  great  number  of  veins 
in  a vertical  position,  and  parallel  to  each  other, 
of  which  it  is  composed.  The  ore  is  a mixture 
of  specular  ore,  clay,  and  small  grains  of  feld- 
spar, thus  exhibiting  the  appearance  of  porphyry 
rock. 

The  mines  of  Arendal  in  Norway  furnish  abun- 
dance of  iron  ore,  mixed  with  garnets  and  other 
minerals,  which  are  only  found  in  primitive 
rocks.  r 
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Siberia. — The  Uraliun  chain  of  mounlains,  so 
rich  in  other  metallic  ores,  contains  also  valuable 
iron  mines,  from  which  a great  part  of  the  iron 
employed  in  Russia  and  in  the  rest  of  Europe  is  de- 
rived. In  one  part  of  Siberia,  iron  is  extracted 
from  an  ore  which  consists  of  ferruginous  fossil 
wood,  found  embedded  in  clay  and  sand. 

America. — Of  the  ores  of  iron  in  South  America, 
excepting  what  are  met  with  in  the  mines  of  the 
other  metals  which  are  more  sought  after  in  that 
country,  little  is  known ; but  in  North  America 
there  are  numerous  iron  works  established  on  an 
extensive  scale,  from  which  it  may  be  presumed 
that  the  ores  of  iron  are  abundant  natural  pro- 
ductions. 

Some  of  the  ores  of  iron  have  been  met  with  in 
New  Holland,  or  in  some  of  the  territories  con- 
nected with  that  extensive  region.  I have  in  my 
possession  a fine  specimen  of  magnetic  ifdri  ore, 
which  is  said  to  be  from  Van  Diemen’s  Land. 
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IjEad  is  by  no  means  an  uncommon  natural  pro- 
duction. It  is  met  with  in  many  places  of  the 
world,  and  in  some  in  great  abundance. 
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Ores  of  Lead. — Excepting  in  the  native  state, 
lead  exists  in  all  the  different  forms  and  combi- 
nations in  which  metallic  ores  are  found  in  the 
earth. 

\ I • ' , ? 4 * i 1 « . . 

Galena,  or  sulphuret  of  lead,  is  the  most  com- 
mon ore  ot  that  metal:  It  presents  different  va- 

rieties, which  are  denominated  by  different  names, 
as  common  galena,  which  is  found  massive,  or 
crystallized  in  various  forms,  compact  galena,  and 
steel-grained  galena.  There  is  a variety  called 
slickenside  in  Derbyshire,  and  in  the  county  of 
Durham  seeing- glass,  or  looking-glass  ore,  from 
its  specular  and  shining  appearance.  The  colour 
of  these  ores  is  lead  or  steel  gray,  and  the  sp.  gr. 
is  from  7*2  to  7*5,  The  constituent  parts  are  sul- 
phur and  lead  in  various  proportions.  The  pro- 
portion of  lead  is  from  50  to  80  per  cent . but  the 
ore  generally  contains  a little  silver,  and  some- 
times antimony. 

Earthy  lead  ore  is  either  in  a friable  or  indu- 
rated form,  and  of  a sulphur  or  ochre  yellow  co- 
lour. It  is  easily  reduced  before  the  blow-pipe 
into  a black  slag,  and  effervesces  a little  with 
$cids.  The  constituent  parts  are  supposed  to  be 
a mixture  of  oxide  of  lead  with  a little  oxide  of 
Iron,  and  some  earthy  matters. 

Blue  lead  ore  is  usually  crystallized  in  regular 
^ix-sided  prisms.  The  colour  between  lead  gray 
and  indigo  blue;  sp.gr.  5.4-  The  constituent 
parts  are  not  precisely  ascertained.  It  is  supposed 
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to  be  a green  lead  ore,  which  has  undergone  some 
change  in  its  chemical  constitution,  but  retains  its 
original  form. 

Black  lead  ore  is  also  most  frequently  crystal- 
lized in  irregular  groups ; colour  grayish  black ; 
sp.  gr.  5*7-  Constituent  parts  oxide  of  lead  78*5, 
carbonic  acid  18,  carbon  1*5,  water  2. 

White  lead  ore,  or  carbonate  of  lead,  is  usually 
crystallized  in  four  or  six  sided  prisms;  colour 
yellowish  or  grayish  white,  with  some  degree 
of  transparency;  sp.  gr.  6*4  to  7*2.  Effervesces 
strongly  with  acids.  Constituent  parts,  oxide  of 
lead  73  to  82,  carbonic  acid  16  to  24,  water  2 to 
3.  But  some  of  the  carbonates  of  lead  have  also 
m combination  with  them  a small  portion  of  iron 
and  earthy  matters. 

Brown  lead  ore  is  also  usually  crystallized,  of 
a reddish  or  clove  brown  colour.  Sp.  gr.  6 to  6'Q. 
Constituent  parts  are  oxide  of  lead  78,  phosphoric 
acid  20,  muriatic  acid  2. 

Green  lead  ore,  or  phosphate  of  lead,  appears  in 
different  forms,  but  is  often  regularly  crystallized. 
The  colour  is  olive  or  emerald  green,  grayish,  green- 
ish, or  yellowish  white.  Sp.  gr.  6*9.  Is  not  reduced 
before  the  blow-pipe,  but  melts  easily  into  a poly- 
hedral globule.  Constituent  parts,  oxide  of  lead 
77  to  80,  phosphoric  acid  18  to  19,  muriatic  acid 
1*6,  and  sometimes  a small  proportion  of  iron. 

Yellow  lead  ore,  or  molybdate  of  lead,  is 
most  frequently  crystallized  in  rectangular  four 
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sided  tables  ; colour  wax  or  honey  yellow ; sp. 
gr.  5'4  to  5*7-  Decrepitates  strongly  before  the 
blow-pipe.  Constituent  parts,  oxide  of  lead  58  to 
()3,  molybdic  acid  28  to  38,  silica  4,  and  some- 
times a small  proportion  of  oxide  of  iron  and 
carbonate  of  lime. 

Red  lead  ore,  or  chromate  of  lead,  is  usually 
crystallized  in  four  or  six  sided  prisms.  The  co- 
lour is  a beautiful  aurora  or  hyacinth  red,  and  the 
sp.  gr.  5*7  to  6.  It  does  not  effervesce  with  acids, 
but  decrepitates  a little  before  the  blow-pipe,  and 
melts  into  a black  slag.  The  constituent  parts  are 
oxide  of  lead  64,  chromic  acid  36. 

Arseniate  of  lead  exists  sometimes  in  an  earthy 
form,  and  sometimes  in  silky  filaments,  or  crystal- 
lized in  small  six-sided  pyramids.  The  colour  is 
citron  or  greenish  yellow  ; it  melts  easily  into  a 
globule  of  lead,  giving  out  a garlic  smell;  sp.  gr. 
5*04-  It  is  composed  of  oxide  of  lead  and  arsenic, 
with  some  oxide  ot  iron  and  earthy  matteis. 

Sulphate  of  lead  is  met  with  crystallized  in  ir- 
regular octahedrons  ; is  of  a snow  white  or  yel- 
lowish white  colour ; sp.  gr.  6‘3 • Insoluble  in 
nitric  acid,  but  may  be  reduced  even  in  the  flame 
of  a candle.  Constituent  parts,  oxide  of  lead  70*5, 
sulphuric  acid  25*75,  water  2*25. 

Murio-carbonate  of  lead  is  found  crystallized  in 
cubes,  under  various  modifications  ; colour  straw 
yellow  or  pure  white ; sp.  gr.  b'Ob.  The  con- 
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stituent  parts  are  muriate  of  lead  59,  and  carbo- 
nate of  lead  40. 

Repositories  of  Lead. — Lead,  with  the  exception 
of  iron,  in  one  of  the  most  abundant  of  the  metal- 
lic substances  found  in  Europe.  The  most  com- 
mon ore  of  lead  is  the  sulphuret  or  galena  ; and  it 
is  met  with  not  only  in  primitive  but  also  in  se- 
condary mountains.  It  is  generally  deposited  in 
powerful  veins,  or  in  extensive  beds.  The  rocks 
in  which  it  is  most  commonly  distributed  are 
gneiss,  micaceous  schistus,  limestone,  and  gray 
wacken ; and  the  mineral  substances  which  con- 
stitute the  matrix  or  gangue  are  quartz,  barytes, 
lime  spar  and  fluor  spar.  The  ores  of  lead  are 
also  accompanied  by  a great  number  of  other 
metallic  substances,  and  particularly  by  some  of 
the  ores  of  zinc,  as  blende  and  calamine,  iron  and 
copper  pyrites,  sparry  iron  ore,  and  red  and  vitre- 
ous silver  ore. 

It  might  afford  a curious  subject  of  investiga- 
tion and  comparison,  to  consider  the  remarkable 
difference  which  subsists  between  the  matrix  or 
vein  stones  which  accompany  the  ores  of  lead  in 
England  and  Scotland.  In  most  of  the  lead  mines 
in  England,  the  vein  stones  are  very  generally 
fluor  spar,  and  in  many  places  it  is  very  abundant, 
occupying  a very  large  proportion  of  the  cavity 
of  the  vein  ; but  in  Scotland  no  trace  of  fluor 
spar  has  ever  been  discovered,  excepting  in  one 
place  in  Aberdeenshire ; and  although  it  is  pro- 
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bable  that  it  is  deposited  in  the  form  of  a vein,  rift 
indications  have  yet  appeared  to  show  that  it  is 
accompanied  by  lead  ore.  It  might  perhaps  be 
said,  that  the  rocks  which  contain  the  lead  mines 
in  the  two  countries  are  very  different.  This  is 
undoubtedly  true  to  a certain  extent ; but  some  of 
the  lead  veins  in  Scotland  are  situated  in  rocks  of 
the  same  nature  with  those  in  England  where 
huor  spar  abounds.  The  lead  mines  of  the  island 
of  Islay  are  in  limestone,  as  well  as  those  in  some 
parts  of  England  ; but  fluor  spar  has  never  been 
known  as  a production  of  the  mines  of  Islay. 

Mines  of  Lead . — It  has  been  observed  that  lead 
is  one  of  the  most  abundant  metallic  substances 
which  exist  in  Europe ; so  that  the  most  valuable 
mines  of  lead  pre  limited  to  that  quarter  of  the 
globe.  ! 

Britain . — The  lead  mines  of  Britain  are  nu- 
merous and  important.  The  mines  of  Derby- 
shire, it  is  supposed,  were  wrought  in  the  time  of 
the  Romans,  the  proofs  of  which  are  derived  from 
blocks  of  lead  which  were  found  with  Roman  in- 
scriptions upon  them.  A pig  of  lead  of  this  kind 
Was  discovered  on  Cromford  moor,  in  the  year 
1777,  and  the  interpretation  of  the  inscription 
which  has  been  given  is  the  following:  “ The 
sixth  legion  inscribes  this  in  memory  of  the  Em- 
peror Adrian.”  Another  block  of  lead  was  met 
with  in  Matlock  bank  in  1783,  the  inscription  on 
which  has  been  translated  as  follows : “ The  pro- 
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perty  of  Lucius  Aruconius  Vetefcundus,  merchant; 

i ' ^ _ * i . * i • • 

of  London. The  weight  of  this  block  is  84  lbs* 

Another  block,  weighing  more  than  12  stones,  was 

* « « ' , 

found  also  at  Matlock  at  a later  period,  with  the  fol- 
lowing inscription : “ Tx.  Ct.  Tr.  Lut.  Br.  Exarg/5 
which  are  sirpposed  to  be  the  abbreviations  of  Ti~ 
berii  Ctaiidiani  Triumviri  Lutitdari  Britannorrmi  Ex- 
1 irgentaria . The  Saxons  and  Danes,’  it  is  sirpposed 
also,  were  engaged  in  working  the  mines  of  Derby- 
shire ; the  proof  of  which  is  drawn  from  the  Odin 
mine  at  Castleton,  which’,  it  is  conjectured,  was;  '*6 
denominated  from  the  name  of  one  of  their  deities, 
and  previous  to  the  general  introduction  of  Chris- 


tianity into  this  country.  From  this  time,  thrbhgh 
the  whole  period  of  the  English  history,  the  lead 
mines  of  Derbyshire  have  always  been  an  object 
of  attention. 


fi  » j 

The  rocks  in  which  the  lead  veins  of  Derbv- 
shire  are  distributed,  are  chiefly  limestone,  some 
of  which  affords  beautiful  varieties  of  marble. 
Some  beds  of  this  limestone  are  of  very  great 
thickness.  They  alternate  with  beds  of  amygda- 
loid or  toadstone,  by  which  it  was  supposed  that 
the  veins,  even  when  they  were  of  considerable 
thickness,  in  traversing  the  limestone,  were  entire- 
ly cut  oft;  but  it  appears  from  later  and  more  ac- 
cuiate  observations,  that  this  is  not  the  case,  for 
the  vein  is  actually  continued  through  the  toad- 
stone,  although  it  is  very  thin,  and  sometimes  con- 
tains no  metallic  ore.  From  this  circumstance,  it 
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is  probable,  arose  the  generally  received  opinion,  ot 
veins  being  entirely  intercepted  by  the  toadstone. 

The  veins  of  Derbyshire  are  ot  three  descrip- 
tions ; the  first  is  called  a pipe  work , or  pipe  vein, 
and  lies  between  two  rocks  of  limestone,  which  re- 
gularly extend  above  and  below.  It  consists  ot 
several  lines  or  branches  running  nearly  parallel 
to  each  other;  and  although  they  sometimes  de- 
viate from  that  course,  they  generally  return  after 
a short  distance.  The  branches  communicate  with 
each  other  by  means  of  slender  threads,  or  leadings , 
in  the  language  of  the  miners.  Sometimes  the 
surrounding  rock  is  penetrated  by  these  transverse 
threads,  and  by  pursuing  these  thin  veins,  a new 
repository  of  metal  is  discovered.  The  two  other 
kinds  of  veins  in  this  district  are  rake  veins,  tra- 
versing the  strata,  and  flat  works,  forming  beds 
along  with  the  horizontal  strata.  The  flat  woiks 
are  generally  found  near  the  surface , but  these 
different  kinds  of  veins  have  been  already  suffi- 
ciently described. 

The  prevailing  ore  in  the  mines  of  Derbyshire 
is  galena;  but  many  of  the  other  ores  of  lead,  as 
the  carbonates  and  the  phosphates,  are  not  uncom- 
mon. These  ores  are  usually  accompanied  by 
barytes,  lime  spar,  floor  spar,  and  manganese,  with 
some  of  the  ores  of  zinc  and  iron.  Slickenside, 
which  is  a variety  of  galena  or  sulphuret  of  lead, 
is  also  a production  of  these  mines.  This  galena 
presents  a smooth  surface,  with  a bright  metallic 


ORES  OF  LEAD. 


449 


♦ 


lustre,  which  produces  a strong  reflection.  This  va- 
riety of  lead  ore  forms  a thin  plate,  adhering  to  a sub- 
stance called  kevel  or  cawk,  which  is  a compound  of 
calcareous  spar,  fluor,  and  barytes.  This  slicken- 
side  sometimes  forms  the  sides  of  cavities,  in  the 
opening  of  which  by  the  workmen  some  inexpli- 
cable phenomena  are  produced  ; for  when  such  a 
cavity  is  pierced  with  the  miner’s  instrument,  it 
cracks  and  splits,  and  at  last  explodes  with  great 
violence.  Before  the  miners  were  aware  of  the 
danger  to  which  they  were  thus  exposed,  acci- 
dents took  place ; but  knowing  the  effects,  when 
they  suspect  their  operations  to  be  near  a cavity 
of  this  substance,  they  merely  scratch  it  with  the 
point  of  the  pick,  and  then  retreat  to  a place 
of  safety  ; in  a short  time  the  explosion  is  pro- 
duced, by  the  force  of  which  considerable  masses 
of  the  ore,  and  the  other  materials  of  the  vein,  are 
detached. 

Fluor  spar  is  one  of  the  common  vein  stones  of 
lead  ore  in  this  district ; but  there  are  some  places 
in  which  the  veins  are  entirely  filled  with  that 
beautiful  mineral,  which  in  that  country  is  call- 
ed Blue  John , and  elsewhere  is  better  known 
by  the  name  of  Derbyshire  spar.  In  one  of  the 
mountains  near  the  Peak  of  Derbyshire,  there  are 
two  mines  which  furnish  the  materials  for  the  ex- 
tensive manufactory  of  ornamental  articles  into 
which  the  fluor  spar  is  formed.  The  pieces  of 

fluor,  as  they  are  found  in  the  veins  or  cavities 
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are  generally  about  three  or  four  inches  thick, 
sometimes  they  reach  a foot  in  thickness,  and 
they  are  usually  found  in  detached  masses,  in  ca- 
vities filled  with  clay,  and  other  loose  matters. 

Elastic  bitumen,  or  mineral  caoutchouc,  an  in- 
flammable substance,  is  also  a production  of  these 
mines ; and  1 believe  is  peculiar  to  Derbyshire. 
It  is  found  between  the  stratum  of  schistus  and 
the  limestone,  and  sometimes  also  in  small  cavi- 
ties, adhering  to  the  matrix,  or  containing  lead 
ore,  fluor,  &c. 

The  annual  produce  of  the  lead  mines  in  Derby- 
shire, according  to  the  statement  of  Pilkington, 
may  be  computed  on  an  average  ai  between  5000 
and  6000  tons : this  was  previous  to  the  year 
1782.  A single  mine,  the  Gregory  mine  at  Ash- 
over,  from  the  year  1758  to  1783,  yielded  lead  to 
the  value  of  L.  105,986.  The  annual  produce  of 
lead  during  this  period  was  1511  tons  on  an  ave- 
rage *. 

Some  of  the  northern  counties  of  England  con- 
tain very  valuable  lead  mines,  as  those  of  Wear- 
dale,  at  the  head  of  the  county  of  Durham,  where 
the  veins  are  distributed  in  a gray  wacken,  called 
by  the  miners  of  the  district  hazle  whin , and  lime- 
stone ; those  of  Allenheads,  on  the  other  side  of 
the  same  ridge,  and  those  of  Alston  moor,  lying 


* Pilkington’s  Derbyshire,  vol.  i.  p.  95,  128. 


ORES  OF  LEAt). 


451 


to  the  south-west,  in  the  county  of  Cumberland* 
In  these  districts  many  excellent  veins  of  lead  ore 
have  been  wrought,  and  they  are  frequently  ac- 
companied with  great  bodies  of  fluor  spar. 

Some  of  the  lead  mines  of  Scotland,  and  in  par- 
ticular those  of  Leadhills  and  Wanlockhead,  dis- 
covered in  1540,  have  been  long  celebrated  on  ac- 
count of  their  mineral  riches.  The  prevailing  rock 
in  which  the  veins  at  Leadhills  are  distributed,  is 
gray  wacken,  and  the  general  course  of  the  veins  is 
from  north  to  south,  with  an  inclination  to  the  east. 
The  thickness  of  the  veins  varies  much ; but  some 
of  the  principal  ones  are  from  four  to  ten  feet  thick, 
and  at  one  time  the  Susannah  vein,  one  of  the  richest 
and  most  productive  yet  discovered  in  that  district, 
or  perhaps  in  Scotland,  exhibited  a mass  of  ore  no 
less  than  14  feet  thick.  It  is  true,  indeed,  that 
the  extraordinary  thickness  of  the  vein  at  this 
place,  arose  from  the  junction  of  some  strings  or 
branches  of  small  veins. 

The  principal  lead  ore  of  Leadhills  and  Wan- 
lockhead, which  may  be  considered  as  the  same 
district,  although  they  present  a considerable 
diversity  of  mineral  productions,  is  galena,  of 
which  there  are  several  varieties.  Carbonate  of 
lead,  in  acicular  crystals,  was  at  one  time  found 
in  great  abundance  in  the  Susannah  vein,  but  it 
is  now  rarely  met  with.  At  Wanlockhead,  the 
tabular  variety  of  that  lead  ore  was  formerly  most 
common.  Green  lead  ore,  or  the  phosphate  of  lead 
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is  usually  found  at  the  top  of  the  veins,  and  some 
suppose  that  the  galena  has  undergone  some 
change,  by  which  it  appears  under  this  new  com- 
bination ; but  these  facts  have  been  already  no- 
ticed in  the  general  remarks  on  metallic  veins. 

The  matrix  of  the  ores  at  Leadhills  is  usually 
limespar,  heavy  spar,  quartz,  manganese,  and  clay; 
and  the  accompanying  metallic  ores  are  blende, 
calamine,  iron  ores,  and  some  copper  ores. 

The  produce  of  the  mines  of  Wanlockhead  and 
Leadhills  is  sometimes  very  considerable.  A few 
years  ago  the  annual  amount  of  lead  produced  at 
Wanlockhead  was  1000  tons,  and  that  at  Lead- 
hills was  1400  tons.  The  lead  then  sold  for  L.20 
per  ton,  thus  yielding  a return  of  L.  48,000  per 

annum  *.  c 

The  whole  of  that  country,  to  a very  consider- 
able extent  round  Leadhills,  may  be  regarded  as 
a mining  field.  At  Gilkerscleugh,  the  property  of 
Daniel  Hamilton,  Esq.  which  is  five  miles  to  the 
north  of  Leadhills,  the  places  where  operations 
were  formerly  carried  on,  in  searching  for  lead 
ore,  are  still  visible ; and  among  the  rubbish  which 
was  thrown  out  during  these  operations,  I observ- 
ed the  various  mineral  substances  which  usually 
' accompany  metallic  ores,  such  as  quartz,  heavy 
spar,  and  limespar,  with  some  fragments  of  the 


* See  Map  of  Dumfries-shire. 
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metallic  ores  themselves.  But  two  years  ago,  in 
consequence  of  some  researches  which  were  made 
under  ihe  inspection  of  the  proprietor,  I had  an 
opportunity  of  examining  a regular  vein,  which 
presented  a very  favourable  indication  of  bearing 
ore.  It  was  in  the  bottom  of  a shaft  about  two 
fathoms  depth,  which  was  sunk  on  the  top  of  the 
vein,  where  the  ores  which  appeared  were,  as  is 
usually  the  case,  green  lead  ore,  with  some  specks 
of  galena  ; but  in  sinking  a little  deeper,  pure  ga- 
lena was  found,  from  which  lead  of  an  excellent 
quality  was  extracted.  As  no  machinery  was 
erected  to  carry  off  the  water,  which  began  to  in- 
crease in  sinking  deeper,  the  researches  were  in- 
terrupted ; but  so  far  as  they  were  prosecuted,  I have 
no  hesitation  in  saying  that  the  appearances  are 
extremely  favourable. 

There  were  formerly  lead  mines  at  a place  called 
Black  Craig,  in  Galloway,  and  Tyndrum,  in  Ar- 
gyleshire ; but  as  they  ceased  to  be  a profitable 
concern,  I believe  the  operations  have  been  for 
some  time  interrupted  at  both  places.  The  only 
other  lead  mines  in  Scotland  at  present  in  a state 
of  activity,  are  those  of  Strontian  on  the  west  coast 
of  Argyleshire,  and  of  the  island  of  Islay. 

The  lead  veins  at  Strontian  traverse  gneiss  rock, 
and  are  remarkable  for  having  produced  the  mi- 
neral which  derives  its  name  from  the  name  of  the 
place.  T hat  mineral,  or  carbonate  of  strontites,  like 
many  other  mineral  productions,  appears  to  have 
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been  limited  to  a particular  spot,  for  it  was  former- 
ly found  in  great  abundance  ; but  as  the  operations 
have  been  extended,  it  is  now  more  rarely  met 
with. 

The  lead  mines  of  Islay,  which  it  is  supposed 
were  wrought  so  early  as  the  time  of  the  Danes, 
are  in  veins  which  run  in  primitive  limestone. 
Some  of  these  veins  were  formerly  wrought  to  the 
day,  and  one  of  them  is  remarkable  by  being  in- 
cluded between  the  limestone  and  an  immense 
whin  dyke. 

France. — This  country  possesses  considerable 
lead  mines,  particularly  those  of  Poullaouen  and 
Huelgoat,  in  the  department  of  Finisterre.  These 
mines  are  in  two  powerful  parallel  veins  includ- 
ed in  primitive  rocks.  There  are  also  mines  of 
lead  in  the  Vosges,  where  the  galena  is  dissemi- 
nated in  a thick  vein  of  granite,  which  seems  to 
be  decomposed,  The  ore  is  mixed  with  a good 
deal  of  red  iron  ore.  The  lead  mines  in  the  de- 
partment of  Sambre  and  Meuse,  are  in  veins 
which  traverse  limestone  nearly  in  a vertical  po- 
sition. Beside  these  there  are  some  other  lead 
mines,  which  are  similar  in  their  distribution  and 
productions  to  the  lead  mines  of  Britain  already 
described.  The  produce  of  the  mines  of  France 
is  stated  at  30,000  quintals  of  lead  annually. 

Germany . — There  are  many  valuable  mines  of 
lead  in  this  country,  particularly  in  Saxony  and 
the  Hartz,  Lead  ore  is  also  an  abundant  pro- 
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duction  of  the  mines  of  Bohemia  and  Hungary, 
yielding  sometimes  a considerable  proportion  of 
silver. 

The  galena,  which  is  the  prevailing  ore  of  lead 
found  at  Bleyberg  in  Carinthia,  is  deposited  in 
beds,  of  which  there  are  14,  alternating  with  those 
of  a compact  limestone,  and  the  celebrated  fire 
marble  ; or  in  grains  disseminated  in  a rock  com- 
posed of  a tender  siliceous  sandstone  and  rounded 
pebbles.  The  latter  is  accompanied  with  oxide  of 
copper  and  brown  iron  ore.  The  mines  of  Bley- 
berg furnish  the  finest  specimens  of  molybdate  of 
lead. 

At  Tarnowitz  in  Silesia  there  is  a remarkable 
deposition  of  lead  ore.  The  beds,  in  which  the  ore 
is  distributed,  repose  on  horizontal  strata  of  com- 
pact limestone,  containing  imbedded  petrified 
shells,  and  impregnated  with  bituminous  matter. 
The  bed,  of  which  the  ore  forms  part,  is  a lime- 
stone penetrated  with  iron  ochre,  and  including 
some  grains  of  galena;  and  it  is  principally 
composed  of  a brown  ferruginous  marl.  In  this 
bed  the  lead  ore  is  deposited  in  veins,  in  round- 
ed masses,  or  in  small  grains.  The  bed  lies 
in  a waved  position,  and  it  is  observed  that  the 
concave  parts  are  richer  in  ore  than  the  convex 
parts  of  the  bed.  It  is  covered  with  a compact 
limestone,  containing  ores  of  iron  and  zinc,  a bed 
of  ferruginous  marl,  and  a bluish  spongy  clay. 
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Siberia.—^ This  region  of  the  globe,  so  rich  in 
other  mineral  productions,  does  not  contain  a 
single  mine  of  lead  in  any  part  of  the  two  im- 
mense chains  of  the  Uralian  or  Altaian  moun- 
tains. 

The  lead  which  is  employed  in  the  cupellation 
or  refining  of  the  precious  metals,  is  carried  from 
the  rich  mines  of  Daouria,  at  the  distance  of  700 
leagues. 

The  only  appearance  of  lead  in  the  immense 
chains  of  mountains  now  mentioned,  is  the  red 
lead,  or  chromate  of  lead,  which  was  first  dis- 
covered in  Siberia,  and  of  which  the  gold  mine  of 
Beresof  is  still  the  principal  repository.  It  is  found 
in  a small  vein  of  ferruginous  quartz,  which  tra- 
verses a gneiss  rock,  which  is  of  a reddish  colour, 
and  resembles  a sandstone. 


SECT.  VIII. 
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Tin  in  the  metallic  state  is  of  a silvery  white 
colour  ; it  possesses  more  hardness,  and  more  duc- 
tility and  tenacity  than  lead.  Sp.  gr.  7*2.  It  is  one 
of  the  lightest  of  the  ductile  metals. 
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Ores  of  Tin. — The  ores  of  tin  are  not  numerous. 
It  is  chiefly  found  in  the  state  of  oxide,  or  com- 
bined with  some  other  metallic  ores. 

Tin  pyrites  is  found  massive  or  disseminated, 
is  of  a steel  gray  colour,  or  sometimes  bronze  yel- 
low ; sp.  gr.  4-3  to  47  ; melts  easily  before  the 
blow-pipe  into  a black  slag,  giving  out  a sulphu- 
reous smell,  but  is  not  reduced.  The  constituent 
parts  are  tin  34,  copper  36,  iron  3,  sulphur  25, 
with  some  earthy  matters. 

Common  tin  stone,  or  oxide  of  tin,  is  found 
massive,  disseminated,  in  rounded  grains,  and 
often  ciystallized  in  rectangular  four-sided  prisms. 
Colour  brownish  black,  yellowish  gray,  or  grayish 
white  ; sp.  gr.  6*3  to  6 9 ; decrepitates  before  the 
blow-pipe,  and  is  partially  reduced  to  the  metallic 
state.  Constituent  parts  are  tin  77*5,  oxygen  21*5 
with  a small  portion  of  iron  and  silica.  From  its 
peculiar  lustre  it  is  sometimes  called  resin  tin , 
This  ore  is  sometimes  collected  in  alluvial  soil, 
where  it  is  in  the  form  of  grains  or  sand,  and  then 
it  is  known  by  the  name  of  stream  tin . 

Grained  tin  ore,  or  wood  tin,  is  found  in  small 
rounded  or  angular  pieces ; it  has  a fibrous  frac- 
ture, and  the  fragments  are  wedge-shaped;  the  co- 
lour is  various  shades  of  hair  brown;  sp.  gr.  5*8  to 
6*7*  Before  the  blow-pipe  it  becomes  brownish  red, 
and  then  decrepitates  strongly,  but  is  infusible.  The 
constituent  parts  are  tin  91,  and  oxide  of  iron  9.  In 
some  specimens  arsenic  has  been  detected. 
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Repositories  of  Tin  Ores. — The  ores  of  tin  are 
limited  to  a very  few  regions  of  the  globe ; but 
in  the  places  where  it  is  deposited,  it  is  sometimes 
met  with  in  considerable  quantity.  The  general 
repository  of  tin  is  granite,  or  some  rock  which  is 
allied  to  granite,  and  in  contact  with  it ; and  the 
granite  containing  tin  is  usually  in  a state  of  de- 
composition. 

The  ores  of  tin  are  generally  distributed  in  veins, 
and  at  no  great  distance  from  the  surface.  Tin 
veins  have  this  peculiarity,  that  they  are  frequent- 
ly not  accompanied  with  vein  stones,  like  other 
metallic  ores  ; the  tin  ore  occupies  the  whole  space 
of  the  vein,  and  is  closely  attached  to  the  granite 

rock. 

The  granite  rock  itself  often  contains  the  tin  ore 
disseminated  through  its  whole  substance.  Grains 
of  tin  ore,  as  already  noticed,  are  also  collected  in  al- 
luvial soil.  This  ore,  called  stream  tin , probably  de- 
rives its  origin  from  the  decomposition  of  the  gra- 
nite, to  which  it  has  a remarkable  tendency.  Tin 
also  exists  in  some  of  its  repositories  in  accumu- 
lated masses  or  stockwerks. 

Mines  of  Tin . — From  the  limited  distribution  of 
tin  ores,  the  mines  of  that  metal  to  be  enumerated 
are  very  few  ; and  they  are  confined  to  England, 
Germany,  Bohemia,  and  the  East  Indies. 

Britain. The  only  tin  mines  in  Britain  are 

those  of  Cornwall,  which  have  been  known  from 
the  earliest  ages,  and  continue  to  be  the  most  pro- 
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ductive  of  any  yet  discovered.  It  appears  from 
ancient  historical  records,  that  the  Phenicians 
traded  to  Britain  for  the  sake  of  the  tin;  and  from 
this  it  is  inferred  that  the  discovery  of  tin  in  Corn- 
wall must  have  been  made  at  least  2400  years  ago; 
but  it  is  supposed  that  the  only  ore  then  wrought 
was  stream  tin,  which  is  most  accessible,  and  at 
that  period  probably  existed  in  great  abundance. 
For  it  seems  to  be  pretty  certain,  that  mining,  or 
digging  the  ore  from  veins,  was  unknown  till 
about  the  year  1000  of  the  Christian  aera*. 

The  tin  ores  of  Cornwall  are  found  in  all  the 
different  states  enumerated  above,  as  the  reposi- 
tories of  that  metal.  The  general  direction  of  the 
tin  veins  of  Cornwall  is  from  east  to  west,  or  a 
few  points  deviation  from  that  course ; and  if 
they  are  not  interrupted  or  deranged  by  other 
vertical  stiata,  they  preserve  the  same  course  in 
traversing  a considerable  extent  of  country.  These 
veins  sink  into  the  earth  with  various  degrees  of  in- 
clination. Sometimes  they  become  so  oblique  as 
to  approach  nearly  to  the  horizontal  position,  and 
in  this  case  they  come  under  the  denomination  of 
flat  works.  Some  of  these  veins  continue  flat  or 
horizontal  for  a short  distance,  and  yield  ore; 
then  they  go  down  perpendicularly  with  only  a 
small  string,  by  which  their  course  may  be  traced, 


* Pryce,  Mineralog.  Cornub.  Introd. 
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resume  their  horizontal  position,  and  again  dip 
downwards  in  a vertical  direction,  somewhat  in 
the  manner  of  steps  of  stairs.  The  tin  veins  are 
included  in  granite,  or,  as  it  is  called  in  Cornwall, 
vioor  stojie,  which  is  usually  in  a loose  state  of  ag- 
gregation, or  tending  to  decomposition. 

In  some  places  tin  and  copper  veins  are  united, 
and  run  parallel  to  each  other,  the  tin  ore  forming 
one  side,  and  the  copper  ore  forming  the  other  side 
of  the  vein.  But  it  rarely  happens  that  the  vein 
continues  rich  in  both  ores  at  the  same  time  ; for 
when  the  tin  ore  is  abundant,  the  copper  ore  is  in 
small  quantity  ; and  when  the  produce  of  the  lat- 
ter from  the  same  vein  increases,  that  of  the  for- 
mer is  diminished.  The  ores  of  tin  are  generally 
near  the  surface,  while  those  of  copper  usually  lie 
at  a greater  depth. 

As  a proof  of  the  ores  of  tin  being  deposited 
near  the  surface,  it  is  mentioned,  that  in  working 
a vein  some  distance  under  the  sea,  the  miners  ap- 
proached so  near  to  its  bottom,  as  to  leave  a space 
of  four  feet  thick  only  between  the  bottom  of  the 
ocean  and  the  spot  in  which  the  operations  were 
carried  on.  The  sound  of  the  agitated  waters  was 
distinctly  heard,  and  during  a storm,  it  became  so 
tremendous,  that  the  miners  were  terrified,  and 
abandoned  their  work. 

The  ores  of  tin  have  been  sometimes,  but  rare- 
ly, found  in  accumulated  masses  or  stockwerks  in 
Cornwall.  These  are  called  in  the  country  pipes 
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or  bunnys  of  ore,  and  they  are  examples  of  the 
pipe  veins  of  the  author  of  the  preceding  work. 

The  third  repository  of  the  tin  ores  of  Cornwall  is 
in  the  alluvial  soil,  which  is  deposited  in  the  val- 
leys. The  stream  tin  is  collected  in  such  places. 
In  St  Austle  moor  there  is  a depth  of  18  feet  of 
alluvial  soil.  The  first  stratum,  reposing  on  the 
solid  rock,  which  it  has  been  observed  is  entirely 
destitute  of  tin  ore,  consists  of  stream  tin  of  va- 
rious thickness.  A layer  of  earth,  clay,  gravel,  &c. 
comes  next,  and  then  another  stratum  of  tin  ore, 
and  so  on  successively  to  the  surface.  In  St 
Blazey  moor,  there  is  a depth  of  20  feet  of  allu- 
vial soil.  The  first  stratum  next  the  surface  is 
composed  of  gravel,  the  next  is  mud,  the  succeed- 
ing stratum  is  gravel  containing  a little  tin  ore,  and 
this  last  reposes  on  a bed  of  black  mud,  which  is 
probably  turf  or  peat,  for  it  is  described  as  fit  for 
fuel.  Immediately  under  this  lies  a bed  of  stream 
tin  about  five  feet  thick.  Great  part  of  this  stratum 
had  been  wrought  out  at  a very  remote  period, 
and  before  iron  instruments  were  in  use  ; for  se- 
veral wooden  pick-axes,  made  of  oak,  holm,  and 
box,  were  discovered  in  it  a few  years  ago. 

The  singular  occurrence  of  a mass  of  pebbles 
of  chlorite  schistus,  cemented  by  crystallized  tin, 
in  one  of  the  mines  of  Cornwall,  is  too  remark- 
able to  pass  unnoticed.  It  was  observed  in  the 
Relistian  mine,  which  is  nearly  on  a level  with 
the  surrounding  country.  The  vein  has  been 
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wrought  to  the  depth  of  12,  25,  50,  and  even  Q0 
fathoms  from  the  surface.  It  varies  in  width  in 
different  parts;  the  greatest  width  is  36  leet,  and 
in  this  part  the  principal  operations  are  carried  on. 
Its  course,  as  usual,  is  east  and  west ; but  at  the 
distance  of  100  fathoms  east  it  diminishes  to  five 
feet  wide.  Excepting  the  metallic  substances, 
the  vein  consists  of  schistus,  chlorite,  and  quartz, 
which  latter  forms  the  smallest  component  part. 
In  sinking  a shaft,  at  the  distance  of  eight  fathoms 
north  of  the  widest  part  of  the  vein,  a flookan  or 
cross  dyke  about  two  inches  thick,  the  course  of 
which  is  south-east,  was  discovered.  It  cuts  the  vein 
at  an  angle  of  45°,  and  produces  a derangement. 

At  the  depth  of  12,  25,  and  50  fathoms,  no- 
thing appeared  in  the  vein  but  the  old  workings ; 
but  at  the  depth  of  65  fathoms  close  to  the  cross 
dyke,  a great  number  of  angular  pieces  of  schistus, 
cemented  by  the  same  substance,  was  found.  At 
the  depth  of  75  fathoms,  the  cross  dyke  increased 
to  four  inches  thick,  and  continued  of  that  thick- 
ness for  ten  fathoms ; after  which  it  divided  into 
four  branches,  each  diverging  from  its  former 
course,  and  in  this  state  it  continued  through  the 
vein,  of  which  the  first  three  feet  were  composed 
of  copper  pyrites,  and  then  there  appeared  a body 
of  pebbles  nearly  12  feet  square,  and  extending  in 
width  to  the  extreme  branches  of  the  cross  dyke. 
The  schistus  predominates  in  this  part  of  the  vein; 
the  pebbles  of  course  are  generally  composed  of 
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schistus,  cemented  in  some  parts  by  the  chlorite* 
in  others  by  tin  ore,  which  is  generally  crystal- 
lized. Some  copper  pyrites  was  detected  in  the 
crevices.  It  is  stated  as  a singular  circumstance, 
that  a few  pebbles,  not  exceeding  10  or  12,  com- 
posed of  tin  and  quartz,  coated  with  chlorite,  were 
found.  The  body  of  the  mass  of  pebbles  did  not 
exceed  two  fathoms  in  height,  but  single  pebbles 
were  found  four  fathoms  above,  and  six  below 
the  mass;  but  at  the  depth  of  15  fathoms  below 
it,  none  were  met  with,  and  the  strata  were  un- 
disturbed *. 

The  annual  produce  of  the  tin  mines  of  Corn- 
wall has  been  stated  at  3000  tons  of  tin ; and  ac- 
cording to  the  estimation,  that  quantity  of  metal 
is  extracted  from  126,000  tons  of  tin  stuff,  as  it  is 
called,  or  tin  ore  f . 

Spain.  That  part  of  France  which  lies  between 
Cornwall  and  the  province  of  Galicia  in  Spain, 
is  supposed,  merely  from  some  similarity  in  the 
nature  of  the  rocks/  to  afford  indications  of  tin. 
None,  however,  has  yet  been  discovered ; but  in 
the  province  of  Galicia  in  Spain,  and  on  the  fron- 
tiers of  Portugal,  a mine  of  tin  was  begun  about 
the  year  1787  in  veins,  some  of  which  were  a 
fathom  in  thickness,  and  included  in  granite. 
The  tin  ore  was  in  grains,  and  sometimes  in 


* Phil,  Trans.  1807,  p.  298, 
f Pryce,  p.  186, 
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masses  of  considerable  size.  Tin  mines  weie  for- 
merly wrought  in  the  north  of  Portugal,  and  some 
traces  of  the  ore  are  still  visible ; but  it  does  not 
appear  that  any  of  these  mines  have  risen  to 
much  importance. 

Germany. — The  tin  mine  of  Marienberg  is  in  a 
vein  which  runs  from  east  to  west,  like  those  of 
Cornwall,  with  an  inclination  of  about  70°.  The 
thickness  of  the  vein  is  about  a lathom,  and  in 
the  middle  it  contains  about  seven  or  eight  inches 
of  yellow  copper  ore,  mixed  with  tin  ore.  The 
rock  which  accompanies  the  vein  is  a gray  schis- 
tus,  with  black  and  white  mica  resembling  gneiss. 
The  rock  itself  contains  tin  ore,  and  it  is  some- 
times sufficiently  rich  to  be  dug  out  for  the  ex- 
traction of  the  metal. 

The  mountain  in  which  aie  situated  the  tin 
mines  of  Ehrenfredericksdorff,  contains  within  a 
space  of  about  100  fathoms  a great  number  of 
parallel  veins,  running  in  the  same  direction,  and 
some  of  them  almost  in  contact  with  each  other  ; 
so  that  in  the  thickness  of  three  fathoms  there  are 
sometimes  four  or  five  veins,  the  hanging  side  of 
one  vein  forming  the  ledger  side  ol  the  other. 
These  veins  traverse  a rock  of  argillaceous  schis- 
i us.  Some  of  the  veins  have  been  wrought  to  the 
depth  of  14  fathoms,  and  others  to  that  ol  40. 

The  tin  mines  of  Gayer  in  Saxony  were  wrought 
in  the  12th  century  ; and,  according  to  Pryce,  the 
method  of  searching  for  tin,  and  also  of  working  it, 
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fvere  introduced  by  a Cornwall  miner  into  this 
country.  The  mines  are  on  the  summit  of  a 
mountain,  in  which  the  ore  is  accumulated  in  a 
great  mass.  The  operations  still  continue  to  be 
carried  on  in  the  place  where  they  first  com- 
menced. In  former  times  the  mine  was  wrought 
to  the  day  in  the  manner  of  an  open  quarry, 
to  the  depth  of  20  or  30  fathoms,  in  a space  of 
100  fathoms  diameter.  This  space  contains  a 
reddish  sandstone,  according  to  the  description 
given  of  it ; but  this  sandstone  is  supposed  to 
be  granite  in  a state  of  decomposition.  In  this 
stone  the  ore  is  disseminated  in  small  grains, 
and  the  rock  is  traversed  by  a great  number  of 
small  veins,  crossing  each  other  in  all  directions. 
It  may  be  added,  that  the  rock  called  sandstone 
is  undoubtedly  a granite,  from  the  circumstance 
of  being  surrounded  by  gneiss,  or  micaceous  schis- 
tus,  in  which  it  is  observed  that  the  produce  of  ore 
is  considerably  less  than  in  the  granite. 

Bohemia . — The  tin  mines  of  Platte  are  as  usual 
in  granite,  which  is  of  a reddish  gray,  or  greenish 
colour,  and  the  veins  traverse  the  rock  in  a direc- 
tion approaching  to  east  and  west.  Thin  separate 
veins  have  been  discovered,  divided  from  each, 
other  by  thin  layers  of  decomposed  granite. 
Distributed  in  this  manner,  the  veins  extend 
to  the  depth  of  40  fathoms,  where,  meeting 
with  a bed  of  clay,  many  of  them  unite,  and 
then  form  only  three  or  four,  which  occupy  a 
Vor..  II.  G g 
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space  of  from  two  to  five  fathoms  in  thickness. 
At  this  depth  they  continue  rich  in  tin  stone. 
The  greatest  depth  to  which  these  mines  have 
been  wrought,  is  80  fathoms*.  In  the  Kaff 
mountain,  a tin  mine  has  been  wrought,  in  which 
iron  ore  is  found  at  the  top  of  the  vein,  and  tin  at 
a greater  depth ; and  it  has  been  conjectured 
that,  in  going  deeper,  it  might  produce  silver  ores. 
The  tin  veins  are  described  as  being  nearly  in  a 
horizontal  position,  probably  like  those  of  Corn- 
wall, and  from  this  circumstance  they  have  been 
considered  by  the  miners  as  flats,  or  horizontal 
beds.  It  has  been  observed  in  these  tin  veins,  that 
when  they  are  traversed  by  vertical  veins,  they 
become  deaf,  or  no  longer  produce  tin  ore.  The 
produce  of  tin  is  also  diminished  when  they  are 
united  with  silver  veins. 

But  the  most  remarkable  tin  mine  of  Bohemia 
is  that  of  Schlackenwald,  the  ore  of  which  is  de- 
posited in  the  form  of  accumulated  masses  or 
stockwerks.  One  of  these  masses  is  of  very  con- 
siderable magnitude.  It  is  in  the  form  of  an  in- 
verted cone,  the  upper  part  of  which  is  100 
fathoms;  and  at  the  depth  to  which  the  operations 
have  been  carried,  it  is  diminished  to  Q2  fathoms 
in  diameter.  It  is  surrounded  by  a gneiss  rock, 
and  the  mass  itself  is  composed  of  granite,  in 


* Born’s  Travels,  p.  260. 
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which  are  disseminated  grains  of  tin  ore,  This 
mass  is  also  traversed  by  veins  of  quartz,  in  vari- 
ous directions,  which  are  very  rich  in  tin  stone 
and  they  are  accompanied  with  fluor  spar,  wolf- 
ram, and  copper  pyrites.  The  whole  stock,  it  has 
been  observed,  contains  grains  of  tin  ore,  but  it  is 
more  abundant  in  the  parallel  stripes  or  veins 
which  cross  a gray  or  reddish  granite. 

This  mine  has  been  wrought  for  more  than  530 
years,  and  the  operations  have  been  carried  to 
the  depth  of  100  fathoms ; the  ore  is  so  dissemi- 
nated in  the  rock,  that  it  requires  10,000  quintals 
to  yield  35  or  40  quintals  of  tin  *. 

East  Indies . — There  are  some  mines  of  tin  in 
Malacca  and  the  island  of  Banca,  in  the  East 
Indies.  The  latter,  it  is  said,  has  yielded  to  the 
Dutch  not  fewer  than  3,000,000  lbs.  of  tin,  and  still 
the  vein  seems  far  from  being  exhausted ; but  of 
the  nature  of  its  repository,  no  precise  information 
has  been  obtained.  The  tin  of  the  East  Indies 
is  said  to  be  purer  than  that  of  Europe. 


* Born’s  Travels,  p.  268. 
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SECT.  IX. 

ORES  OF  ZINC. 

Zinc  in  the  metallic  state  is  of  a brilliant  white 
colour,  with  a bluish  shade,  and  of  a distinct  la- 
mellated  texture.  The  sp.  gr.  is  7'19-  ^mc  was 
formerly  considered  as  one  of  the  brittle  metals, 
and  arranged,  according  to  the  older  chemical  dis- 
tinctions, among  the  semi-metals.  It  had  indeed 
been  observed,  that  it  might  be  tormed,  by  gradual 
and  cautious  pressure,  into  thin  plates,  which  pos- 
sessed some  degree  of  elasticity.  But  by  a late 
discovery,  the  method  of  manufacturing  zinc  was 
secured  by  patent  to  Messrs  Hobson  and  Sylves- 
ter of  Sheffield.  Their  process  is  very  simple. 
The  zinc  is  heated  to  a temperature  of  between 
210°  and  300°  of  Fahrenheit,  and  in  this  state  it 
is  rolled  or  hammered,  or  may  be  drawn  into 
wire.  When  it  cools,  and  is  brought  again  to  the 
temperature  of  the  atmosphere,  it  does  not  return 
to  its  former  brittleness,  but  continues  sott,  flexible, 
and  ductile.  It  ought  to  be  mentioned,  however, 
that  a prior  claim  to  this  discovery  has  been  made 
in  favour  of  Mr  Sheffield  of  Somerstown,  who,  it 
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is  said,  20  years  before,  had  concluded  that  zinc 
at  a certain  temperature  was  not  less  malleable 
than  other  metals,  and  that  it  might  be  drawn  into 
wire,  or  laminated  between  rollers 

When  zinc  is  heated  to  redness  in  an  open  ves- 
sel, it  suddenly  takes  fire  by  agitating  the  vessel, 
and  burns  with  a brilliant  white  and  greenish 
flame.  The  zinc  is  thus  oxidated,  and  rising  in 
the  form  of  vapour,  is  condensed  in  the  air  in 
filamentous  white  flakes,  which  are  called  flowers 
of  zinc,  lana  philosophical  or  philosophic  wool. 

Ores  of  Zinc. — Zinc  has  never  been  met  with 
in  the  metallic  state.  It  exists  in  the  form  of 
sulphuret,  in  that  of  oxide,  and  also  in  the  state 
of  carbonate. 

Blende,  or  sulphuret  of  zinc,  assumes  various 
appearances,  and  is  either  massive  or  disseminated, 
or  crystallized  in  the  form  of  cubes,  or  octahe- 
drons. It  is  of  a dark  sulphur  yellow,  olive  green, 
or  brownish  red  colour.  Sp.  gr.  4 to4*l6.  Before 
the  blow-pipe  it  decrepitates,  and  becomes  of  a 
gray  colour,  but  is  infusible.  Two  varieties  have 
been  described ; the  yellow  blende,  which  be- 
comes phosphorescent  by  friction  in  the  dark, 
and  is  composed  of  zinc  64,  sulphur  20,  iron 
5,  fluoric  acid  4,  water  6,  silica  1 ; and  brown 
blende,  which  is  the  most  common  variety,  and 


* Phil.  Mag.  vol.  xxiii.  p.  282. 
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whose  constituent  parts  are,  zinc  44,  sulphur  17, 
iron  5,  silica  24,  alumina  5,  water  5. 

There  is  still  another  variety  called  black  blende , 
which  is  also  crystallized  like  the  former,  and  is 
distinguished  by  many  of  the  same  characters, 
but  is  of  a perfect  black,  brownish  black,  or  blood 
red  colour,  and  often  iridescent.  It  is  composed 
of  zinc  45,  sulphur  29,  iron  9,  lead  6,  silica  4, 
water  6,  and  arsenic  1. 

Calamine,  or  oxide  of  zinc,  also  presents  several 
varieties,  as  compact  calamine,  which  is  found 
massive  or  disseminated,  cellular,  or  stalactitical, 
has  an  earthy  fracture,  and  a grayish  white,  yel- 
lowish, reddish,  or  milky  white  colour.  Sp.  gr. 
3’5  to  4*1.  When  suddenly  heated,  decrepitates 
before  the  blow-pipe,  but  is  infusible ; forms  a 
jelly  with  acids.  The  constituent  parts  are,  oxide 
of  zinc  84,  silica  12,  iron  3,  alumina  1,  and  some- 
times a portion  of  water. 

Some  varieties  of  calamine  effervesce  strongly 
with  acids,  and  are  composed  of  oxide  of  zinc  6*5, 

carbonic  acid  35.  Some  have  also  been  examined, 

* 

in  which  15  parts  of  water  were  detected.  These 
varieties,  therefore,  must  be  considered  as  carbo- 
nates of  zinc. 

A native  sulphate  of  zinc,  it  is  said,  has  also 
been  found  in  the  form  of  white  shining  filaments, 
or  in  that  of  stalactites,  also  of  a whitish  colour. 
This,  however,  appears  to  be  a rare  natural  pro- 
duction. 
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Repositories , 13 c.  of  zinc. — As  the  ores  of  zinc  ge- 
nerally accompany  the  ores  of  other  metals,  they 
are  scarcely  to  be  considered  as  having  any  appro- 
priate repository.  The  ores  of  zinc,  especially 
blende,  or  the  sulphuret,  are  far  more  common  in 
mines  of  lead,  than  in  those  of  any  other  metal. 
They  are  met  with  in  greater  or  smaller  propor- 
tion in  almost  all  lead  mines ; and  from  this  cir- 
cumstance, before  the  nature  of  the  ore  was  dis- 
tinctly ascertained,  they  were  frequently  taken 
for  a variety  of  galena ; but  affording  no  lead  by 
the  usual  process  of  smelting,  they  were  denomi- 
nated blende , or  blind  lead  ore,  and  sometimes 
pseudo  galena.  It  may,  however,  be  observed  in 
general,  that  the  sulphuret  of  zinc  exists,  not  only 
in  the  primitive,  but  also  in  the  secondary  class  of 
rocks,  while  the  oxide  and  carbonate  of  zinc  are 
more  commonly,  though  not  exclusively,  confined 
to  the  latter. 

Britain. — The  ores  of  zinc  are  very  common  in 
some  of  the  lead  mines  of  Britain.  Derbyshire 
affords  a great  quantity  of  the  ores  of  that  metal, 
and  particularly  in  the  form  of  calamine.  That  ore 
is  found  at  various  depths,  and  generally  near  a 
vein  of  lead  ore  : sometimes  the  two  substances 
are  mixed  together,  or  run  a considerable  way  pa- 
rallel to  each  other ; but  it  happens  more  fre- 
quently that  the  one  is  cut  off  when  the  other 
begins  to  make  its  appearance,  according  to  a 
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common  observation  of  the  miners,  that  a good 
vein  of  both  is  never  met  with  in  the  same  place. 

The  principal  places  of  Derbyshire  where 
calamine  is  abundant,  are  Castleton,  Cromford, 
Bonsai,  and  Wirksworth.  The  ore  is  generally 
deposited  in  a bed  of  yellow  or  reddish  brown 
clay,  and  these  beds  are  described  as  in  the  form 
of  pipe  veins.  They  consist  of  distinct  masses  of 
various  forms  and  sizes.  The  ore  is  accompanied 
with  cawk,  which  is  a mixture  of  barytes  and 
lime,  and  also  with  lime  spar  and  some  lead  ore. 

The  quantity  of  calamine  annually  raised,  ac- 
cording to  Dr  Watson  *,  in  Derbyshire,  amounts 
to  about  1500  tons,  although  60  years  ago  the 
quantity  was  under  40  tons ; but,  according  to  Mr 
Pilkington,  it  does  not  exceed  500  tons.  The  na- 
tive or  crude  calamine  is  sold  for  35  or  40  s.  per 
ton ; but  when  reduced  and  prepared  for  use,  it  is 
valued  at  5 or  6 guineas  f . 

In  some  other  places,  particularly  at  Mendip 
in  Somersetshire,  both  blende  and  calamine  are 
wrought  very  extensively,  for  the  purpose  of 
being  alloyed  writh  copper  to  form  brass.  Blende, 
and  also  some  varieties  of  calamine,  are  frequently 
met  with  in  the  mines  at  Leadhills ; the  blende 
is  occasionally  in  great  abundance.  Sometimes  it; 


* Chem.  Ess.  vol.  iv. 

j-  Pilkington^  Derbyshire,  vol  i.  p.  138. 
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exists  in  detached  masses,  and  sometimes  it  occu- 
pies the  whole  of  the  vein,  to  the  exclusion  of  the 
lead  ore. 

France. — In  France,  in  a lead  mine  about  six 
leagues  from  Cherbourg,  there  is  a vein  of  ca- 
lamine fouryfathoms  in  thickness ; but  one  of  the 
most  remarkable  is  in  the  neighbourhood  of  Aix- 
la-Chapelle,  where  there  is  a prodigious  mass  of 
calamine  imbedded  between  two  rocks;  the  one  to 
the  south,  composed  of  micaceous  schistus  and  of 
sandstone,  containing  a good  deal  of  mica,  and 
very  hard  quartz;  and  the  other  to  the  north, 
which  is  nearly  of  the  same  nature.  To  the  west 
of  the  mine,  beds  of  a bluish  limestone,  very  much 
inclined  to  the  south,  stretch  to  the  north  of  the 
mass  of  calamine.  The  utmost  depth  is  yet  un- 
discovered, but  the  operations  have  been  carried 
250  feet  deep.  It  was  at  first  wrought  by  the 
Spaniards  in  the  manner  of  an  open  quarry,  and 
at  least  100  feet  of  the  ore,  in  all  directions,  was 
dug  out.  The  ore  is  now  extracted  by  sinking 
shafts,  from  the  bottom  of  which  galleries  are 
driven,  some  of  which  have  been  carried  to  the 
distance  of  150  feet.  When  the  ore  is  exhausted 
upon  this  level,  the  shafts  are  sunk  deeper,  and 
a new  series  of  operations  commences,  some  of 
the  shafts  being  carried  to  the  perpendicular 
depth  of  150  feet.  The  annual  produce,  from 
the  year  1730,  is  stated  at  1,500,000  lbs.  of  ca- 
lamine, which  is  dispose^  of  to  the  manufacturers 
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of  Namur,  Stollberg,  Germany,  and  some  of  it  is 
earned  to  Bohemia  and  Russia  *. 

An  immense  mass  of  blende,  or  sulphuretof  zinc, 
was  discovered  by  Dietrich  in  the  Pyrenees.  It 
appeared  to  the  day  in  an  extent  of  10  fathoms 
broad,  and  20  fathoms  high.  An  attempt  was 
made  to  work  it,  supposing  it  an  ore  of  iron ; but 
when  it  wras  smelted,  it  excited  no  small  degree  of 
astonishment  when  the  whole  of  the  metal  was  dis- 
sipated. The  ores  of  zinc  are  also  not  uncommon 
in  other  places  of  France. 

Spain . — A very  pure  calamine,  which  contains 
neither  iron,  lead,  nor  sulphur,  is  found  in  the 
neighbourhood  of  Alcaras,  in  La  Manca  in  Spain, 
and  it  is  extracted  for  the  purpose  of  being  em- 
ployed in  the  manufacture  of  brass  in  the  vicinity 
of  that  place. 

Germany. — Some  of  the  ores  of  zinc  are  very 
abundant  in  the  mines  of  Saxony  and  of  the 
Hartz,  and  some  of  them  exist  in  considerable 
masses  and  in  peculiar  repositories.  A mass  of 
blende,  somewhat  similar  to  that  observed  in 
the  Pyrenees,  was  discovered  in  the  Hartz,  un- 
mixed with  any  other  matter,  and  would  afford, 
it  is  said,  any  quantity  of  ore. 


* Jouivdes  Mines,  No.  13,  p.  43. 
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ORES  OF  ANTIMONY. 

Antjmony  in  the  metallic  state  is  of  a brilliant 
white  colour,  resembling  that  of  silver  or  of  tin. 
It  has  a lamellated  texture,  being  composed  of 
plates  which  cross  each  other  in  all  directions.  It 
presents  some  traces  of  crystallization.  Sp.  gr.  6*7. 
It  is  very  brittle,  and  may  be  reduced  to  a grayish 
white  powder. 

Ores  of  Antimony. — Antimony  exists  in  nature 
in  three  different  states  ; in  the  state  of  native  an- 
timony, in  that  of  sulphuret,  and  in  that  of  oxide. 

Native  antimony,  which  is  a rare  natural  pro- 
duction, is  found  massive  or  disseminated,  of  a 
tin  white  colour,  and  before  the  blow-pipe  is 
easily  fused  into  a metallic  globule,  which  gives 
out  at  the  same  time  fumes  having  the  odour  of 

garlic.  Sometimes  it  contains  a small  portion  of 
arsenic. 

Gray  ore,  or  sulphuret  of  antimony,  appears 
under  various  forms,  as  compact,  foliated,  radiated, 
and  plumose.  The  compact  gray  ore  is  massive 
or  disseminated,  and  is  of  a lead  or  steel  gray  co- 
lour. Sp.  gr.  4*36.  The  foliated  is  distinguished 
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by  its  fracture,  and  the  radiated,  which  is  the  most 
common  ore,  is  massive  or  disseminated,  and  often 
crystallized  in  acicular  or  capillary  crystals.  Sp, 
gr.  4*1  to  4*5  ; and  it  is  composed  of  antimony 
74,  sulphur  26.  The  plumose  variety  is  usually 
in  capillary  crystals,  forming  a superficial  cover- 
ing to  other  minerals,  and  is  friable  and  brittle. 
The  constituent  parts  of  this  variety  are  sulphuret 
of  antimony,  combined  with  arsenic,  iron,  and 
sometimes  a little  silver.  Gray  antimony,  or  the 
sulphuret,  gives  out  before  the  blow-pipe  white 
fumes  having  a sulphureous  smell.  The  whole 
is  almost  entirely  volatilized,  or  changed  into  a 
black  slag. 

Black  ore  of  antimony  is  crystallized  in  rectan- 
gular four-sided  tables,  the  crystals  smooth,  of  an 
iron  black  colour  and  shining  lustre.  This  is  also 
a sulphuret  of  antimony  combined  with  some 
other  matters. 

Red  ore  of  antimony,  or  hydro-sulphuret,  is 
massive  or  disseminated,  but  more  commonly  in 
the  form  of  capillary  crystals,  of  a shining  vi- 
treous lustre,  and  of  a cherry  red  or  brownish  co- 
lour. Sp.  gr.  3*7  to  4 Melts  easily  before  the 
blow-pipe,  and  is  composed  of  oxide  of  antimony 

78,  sulphur  20. 

White  ore,  or  oxide  of  antimony,  is  usually  in 
superficial  divergent  fibres,  or  crystallized  in  ag- 
gregated rectangular  four-sided  tables  or  cubes ; 
colour  snow,  yellowish,  or  grayish  white.  Tim 
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crystals  before  the  blow-pipe  decrepitate,  but  in 
the  state  of  powder  are  easily  fused.  This  ore 
was  formerly  supposed  to  be  a muriate  of  anti- 
mony ; but  its  constituents  appear  to  be,  oxide  of 
antimony  86,  oxide  of  lead  3»  and  silica  8. 

Ochre  of  antimony  is  found  massive,  dissemi- 
nated, or  in  superficial  crusts  on  gray  antimony, 
has  a dull  earthy  fracture,  and  is  of  a straw, 
yellow,  or  yellowish  gray  colour.  It  is  soft 
and  “friable,  infusible  before  the  blow-pipe,  but 
becomes  white,  and  emits  white  fumes.  The 
constituents  of  this  ore  have  not  been  ascertained, 
but  it  is  probably  an  oxide. 

Repositories  of  the  Ores  of  Antimony. — The  sul- 
phuret  of  antimony  is  the  only  species  of  the 
ores  of  that  metal  which  is  found  in  consider- 
able quantity,  or  in  veins  of  any  extent.  The 
other  species  and  varieties  of  antimonial  ores  are 
sparingly  distributed,  and  usually  accompany  the 
sulphuret.  Veins  of  antimony  exist  both  in  pri- 
mitive and  secondary  rocks.  The  gangue,  or 
matrix,  is  similar  to  that  which  accompanies  lead, 
ores,  as  quartz,  lime  spar,  and  heavy  spar.  The 
ores  of  antimony  are  often  found  to  contain  a 
small  portion  of  gold,  such  as  those  which  are 
met  with  in  Spain,  Transylvania,  and  Siberia. 
Native  antimony  in  its  purest  state,  as  well  as 
when  it  contains  a portion  of  arsenic,  is  met  with 
in  the  fissures  of  a micaceous  schistus. 
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Mines  of  Antimony. — Antimony,  except  when  in 
combination  with  some  other  metal,  as  lead,  is  not 
to  be  considered  as  very  generally  distributed.  The 
proper  mines  of  that  metal,  indeed,  are  limited  to 
a very  few  spots. 

Britain. — Antimony  is  found  only  in  a very  fewr 
places  in  this  country.  It  has  been  met  with  in 
Somersetshire,  in  Devonshire,  and  Cornwall.  In 
the  two  former  counties,  only  a small  quantity, 
but  in  the  latter,  masses  of  from  20  to  30  tons 
have  been  obtained.  In  the  years  1774,  1775, 
and  1776,  about  100  tons  were  dug  out  from  a 
mine  called  Huelboys,  which  sold  at  the  rate  of 
L.  13  to  L.  14,  14s.  per  ton.  The  course  of  the  an- 
timonial  veins  in  Cornwall  is  chiefly  from  north  to 
south.  Small  quantities  in  other  veins  have  been 
found  running  in  a different  course.  The  anti- 
mony is  distributed  very  unequally  in  the  veins, 
and  this  unequal  distribution  is  more  ,reraark- 
able  in  the  longitudinal,  than  in  the  perpendicu- 
lar direction  of  the  vein ; for  it  is  not  unusual  to 
see  the  vein  at  one  place  two  or  three  feet  wide, 
and  in  another,  at  the  distance  of  a few  feet,  the 
ore  entirely  disappear,  and  the  vein  itself  scarcely 
perceptible.  The  greatest  depth  from  which  an- 
timony had  been  dug  in  Cornwall,  previous  to 
1778,  did  not  exceed  14  fathoms*. 


* Pryce,  Mineralog.  Cornub.  p.  48. 
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Scotland  contains  the  only  mine  of  antimony  in 
Britain  which  is  of  any  importance,  or  seems  to 
promise  any  advantage  to  adventurers  in  carrying 
on  the  operations.  This  mine  is  at  Glendinning, 
about  ten  miles  from  Langholm  in  Dumfries- 
shire, and  is  the  property  of  Sir  John  Lowther 
Johnston,  Bart.  It  was  discovered  in  1760  in 
searching  for  lead  ore,  but  it  was  not  regularly 
worked  till  the  year  1793. 

The  rocks,  in  which  the  veins  are  included,  are 
chiefly  gray  wacken.  The  principal  ore  of  anti- 
mony is  the  sulphuret,  and  the  matrix  is  usually 
quartz,  or  lime  spar.  The  accompanying  mine- 
rals are  blende,  sometimes  a little  galena  and  iron 
pyrites. 

Two  veins  of  antimony  have  been  discovered  in 
this  field  ; and  in  one  of  them,  which  I had  an  op- 
portunity of  examining,  the  ore  was  from  eight 
inches  to  a foot  and  a half  in  thickness.  At  the 
time  alluded  to,  which  was  immediately  before 
the  operations  of  the  last  company  ceased,  the  ap- 
pearances of  the  ore  were  extremely  favourable, 
and  it  seemed  to  be  wrought  with  no  difficulty 
whatever.  Even  that  part  of  the  mines  which  is 

below  level,  was  then  cleared  of  water  by  a hand 
pump. 

In  a short  view  of  the  mineralogy  of  Dum- 
fries-shire,  drawn  up  by  General  Dirom,  and  an- 
nexed to  the  county  map,  it  is  stated  that  the  an- 
timony nnne  of  Glendinning,  during  a period  of 
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five  years  previous  to  1798,  when  it  was  relin- 
quished, yielded  100  tons  of  pure  metal.  This 
was  sold  at  L.  84  per  ton,  making  the  amount 
L.  84OO.  The  price  of  antimony  at  the  present 
time  is  at  least  three  times  what  it  was  ten  years 
ago,  so  that  these  mines,  if  judiciously  conducted, 
would  probably  be  a successful  speculation  to  ad- 
venturers. 

France , ifc. — Antimony  is  said  to  be  common  in 
France,  as  in  the  department  of  Gard,  and  in  the 
department  of  Puy  de  Dome,  where  large  speci- 
mens of  radiated  sulphuret  of  antimony  in  fasci- 
cular masses,  in  a matrix  of  heavy  spar,  are  met 
with ; in  Vivarais,  where  a vein  of  antimony  has 
been  discovered  in  coal;  and  in  the  department  of 
Upper  Vienne.  Antimony  has  been  found  in  dif- 
ferent provinces  of  Spain ; but  the  only  places 
from  which  it  is  extracted,  are  the  mountains  of 
La  Manca,  and  near  Santa  Cruz.  Antimony  is; 
also  found  in  Hungary,  in  the  mines  of  Schem- 
nitz  and  Cremnitz,  where  it  is  attached  to  heavy 
spar  ; it  is  also  met  with  in  Bohemia,  Saxony, 
Tuscany,  at  Saalberg  in  Sweden,  and  in  Daouria 
in  the  vicinity  of  the  river  Amour  in  Siberia, 
where  the  antimony  is  deposited  in  a matrix  of 

quartz.. 
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SECT.  XI. 

ORES  OF  BISMUTH. 

Bismuth  is  of  a whitish  colour,  inclining  to  yel- 
low, and  exhibits  a texture  composed  of  large  bril- 
liant plates.  By  a violent  stroke  of  the  hammer, 
it  is  divided  into  small  fragments  of  a lamellated 
structure.  The  sp.  gr.  is  $-82. 

Ores  of  Bismuth. — Bismuth  exists  in  nature  in 
three  different  states ; native,  in  the  state  of  sul- 
phuret,  and  in  that  of  oxide. 

Native  bismuth  is  usually  found  disseminated 

in  a plumose  or  reticulated  form  ; sometimes,  but 

rarely,  it  is  crystallized  in  small  four-sided  tables 

or  cubes.  The  colour  is  silvery  white,  inclining 

to  red,  but  it  is  commonly  tarnished.  It  is  soft, 

and  almost  ductile ; it  is  fusible  almost  in  the 

flame  of  a candle,  and  by  increasing  the  heat  is 

volatilized.  It  is  soluble  with  effervescence  in 
• • ( 

nitric  acid,  and  is  precipitated  by  water  in  the 
state  of  white  powder. 

Native  bismuth  is  rarely  in  a state  of  perfect 
purity.  It  is  usually  combined  with  a small  por- 
tion of  cobalt  and  arsenic. 

Vol.  II.  H h 
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Vitreous  bismuth  ore,  or  sulphuret  ol  bismuth, 
is  found  usually  massive  or  disseminated,  and  is 
rarely  crystallized  in  small  capillary  prisms ; co- 
lour between  lead  gray  and  tin  white ; sp.  gr.  6 1 
to  6*4;  is  easily  fusible  before  the  blow-pipe,  and 
gives  out  a sulphureous  odour.  The  constituent 
parts  are,  bismuth  about  60  per  cent,  with  sulphur 
and  a little  iron. 

Ochre,  or  oxide  of  bismuth,  is  usually  dissemi- 
nated on  the  surface  of  other  minerals,  is  of  a yel- 
lowish gray,  ash  gray,  or  straw  yellow  colour ; sp. 
gr.  4*3 ; is  easily  reduced  before  the  blow-pipe. 
Constituent  parts  are,  oxide  of  bismuth  86,  oxide 
of  iron  5,  carbonic  acid  4,  water  3. 

Repositories , i$c.  of  Bismuth.— Bismuth  is  not 
very  generally  diflused  in  nature,  and  the  places 
where  it  is  deposited  in  considerable  quantity 
are  few  in  number.  It  is  scarcely  ever  found  in 
veins,  or  considerable  masses  of  any  kind,  but  is 
one  of  those  metals  which  may  be  considered  as 
concomitant  with  other  metallic  ores.  Bismuth  is 
therefore  to  be  expected  accompanying  the  ores 
of  cobalt,  arsenic,  silver,  and  sometimes  those  ot 
zinc  and  iead. 

The  ores  of  bismuth  seem  to  be  exclusively 
connected  with  primitive  rocks,  and  the  \ein 
stones  are  quartz,  lime  spar,  and  heavy  spar. 

Cornwall  is  the  only  place  in  Britain  where  any 
of  the  ores  of  bismuth  have  been  found;  and 
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there  it  exists  only  in  small  quantity  along  with 
cobalt  *. 

Bismuth  is  sparingly  distributed  in  some  of  the 
mines  of  France,  as  those  of  Brittany;  and  in  some 
parts  of  the  Pyrenees,  the  sulphuret  of  bismuth  is 
met  with  in  the  state  of  small  grains,  and  somewhat 
resembling  galena.  From  this  it  may  be  distin- 
guished by  its  inferior  specific  gravity.  In  the  lat- 
ter place  it  is  deposited  in  a vein  of  lime  spar,  which 
traverses  gray  limestone.  The  same  vein  contains 
galena  and  blende. 

At  frey berg  and  Schneeberg  in  Saxony,  native 
bismuth,  as  well  as  the  sulphuret,  is  found  in  a 
matrix  of  quartz.  At  Schneeberg  native  bismuth 
exists  in  a dendritical  form,  not  only  adhering  to 
a reddish  coloured  jasper,  but  ramified  through 
the  mass.  In  this  state  it  assumes  a line  polish 
and  is  greatly  valued;  and  sometimes,  at  the  same 
place,  it  is  in  the  form  of  large  plates,  which  ex- 
hibit  iridescent  colours. 

Translyvania  and  Bohemia  also  afford  some  of 
the  ores  of  bismuth,  which  are  imbedded  in  a ma- 
trix of  quartz;  and  in  Hessia  the  sulphuret  is  found 

on  an  iron  ore,  in  fine  acicular  crystals  of  beautiful 
colours. 

Native  bismuth,  and  also  the  oxide,  the  latter 
in  a hard  and  compact  earthy  mass,  are  met  with 


* Pryce,  Mineralog.  Cornub.  p.  45. 
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at  Los  in  Sweden.  Patrin  discovered,  in  the  gold 
mine  of  Beresof  in  Siberia,  some  specimens  of  the 
sulphuret  of  bismuth,  containing  a portion  of  na- 
tive gold,  and  attached  to  a greasy,  changing-co- 
loured quartz. 


SECT.  XII. 

A 

ORES  OF  COBALT. 

C . 

A 

Cobalt,  in  the  metallic  state,  is  of  a gray  colour 
inclining  to  red,  and  of  a fine  granulated  texture. 
It  is  very  brittle,  so  that  it  can  be  easily  reduced 
to  powder,  which  is  also  of  a gray  colour,  but  has 
little  brilliancy.  The  sp.  gr.  is  7'7  t°  8'5. 

Ores  of  Cobalt. — Cobalt  is  never  found  native  in 
a state  of  purity.  It  is  either  alloyed  with  other 
metals,  and  particularly  arsenic  and  iron ; in  the 
state  of  oxide,  or  in  that  of  salt. 

White  cobalt  ore  is  massive  or  disseminated,  and 
sometimes,  but  rarely,  crystallized  in  the  form  of 
cubes  or  octahedrons  ; is  of  a tin  white  colour,  but 
tarnished  or  changeable  on  the  surface ; is  easily 
fusible  before  the  blow-pipe,  and  gives  out  a dense 
vapour  with  a smell  of  arsenic,  leaving  a white 
metallic  globule  ; colours  borax  blue.  The  com- 
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position  of  this  ore  has  not  been  ascertained,  but 
it  is  supposed  that  it  may  be  an  alloy  of  arsenic 
and  iron. 

Gray  cobalt  ore  is  found  massive,  disseminated, 
and  botryoidal ; is  of  a light  steel  gray,  or  tin 
white  colour,  with  the  surface  steel-tarnished.  It 
is  infusible  before  the  blow-pipe,  but  emits  fumes 
with  the  odour  of  garlic.  The  constituent  parts 
are,  cobalt  20,  arsenic  33,  iron  24 , beside  some- 
times a small  portion  of  nickel  and  silver. 

Shining  cobalt  ore  is  massive,  disseminated,  su- 
perficial, or  crystallized  in  the  form  of  cubes  or 
octahedrons,  with  various  modifications.  Colour 
tin  white,  but  commonly  grayish  or  tarnished  yel- 
low ; sp.  gr.  6*3  to  6*4.  Before  the  blow-pipe  it 
burns  with  a small  white  flame,  emitting  white 
vapour,  and  a garlic  odour,  and  is  soluble  in  nitric 
acid.  It  is  composed  of  cobalt  37  to  44,  arsenic 
49  to  55,  sulphur  5 to  6*5,  iron  6. 

This  is  the  most  common  ore  of  cobalt,  and  is 
extracted  for  the  purpose  of  being  employed  in  the 
preparation  of  smalt , a fine  blue  pigment  which  is 
used  in  colouring  porcelain  and  glass. 

Black  cobalt  ochre  exists  either  in  an  earthy 
form,  with  little  coherence  among  the  particles, 
or  in  a more  compact  and  indurated  form.  It  is 
of  a brown  or  bluish  black  colour ; sp.  gr.  2*01 
to  2*4.  Before  the  blow-pipe  it  gives  out  the  smell 
of  arsenic,  but  is  infusible.  The  constituent  parts 

are  supposed  to  be  oxide  of  cobalt,  with  iron  and 
arsenic. 
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Brown  cobalt  ochre  is  in  a massive  or  dissemi- 
nated form,  and  has  a duli  earthy  aspect.  I he 
colour  is  liver  brown  of  various  shades,  and  the 
component  parts  are  supposed  to  be  oxide  oi  co- 
balt and  iron. 

Yellow  cobalt  ochre  exhibits  nearly  the  same 
appearance  and  texture  as  the  preceding,  but  is 
of  a yellowish  gray,  or  dirty  straw  yellow  colour. 
It  is  infusible  before  the  blow-pipe,  but  emits  the 
smell  of  arsenic,  from  which  it  is  supposed  that 
its  constituents  are  oxide  ot  cobalt,  with  a little 
arsenic. 

Red,  earthy,  or  radiated  cobalt  ochre,  arsemate 
of  cobalt,  cobalt  bloom , or  flowers  of  cobalt,  is 
found  either  in  thin  superficial  layers,  or  crusts 
with  a dull  earthy  fracture,  or  in  the  form  of  small 
crystals  variously  aggregated.  The  colour  is  peach 
blossom  red,  rose,  or  crimson  red;  but  when  ex- 
posed to  the  air,  changes  to  a brownish  or  grayish 
colour.  Before  the  blow-pipe  becomes  black,  giv- 
ing out  a feeble  odour  of  arsenic,  but  is  intusible. 
It  communicates  to  borax  a fine  blue  colour. 

Sulphate  of  cobalt  has  been  discovered  in  a sta- 
lactitical  form,  of  a pale  rose-red  colour,  and  trans- 
lucent, near  Newsohl  in  Hungary.  It  was  at  first 
taken  for  sulphate  of  manganese,  but  being  ex- 
amined by  Klaproth,  was  found  to  contain  cobalt. 

Repositories  of  the  Ores  of  Cobalt.  The  ores  of 
cobalt  are  chiefly  confined  to  primitive  rocks,  as 
gneiss,  micaceous  schistus,  and  others,  which  are 
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disposed  in  beds.  But  the  ores  of  cobalt  are 
rarely  found  in  mines  peculiar  to  themselves; 
they  usually  accompany  the  ores  of  other  me- 
tals, particularly  those  of  bismuth,  arsenic,  silver, 
nickel,  and  copper.  The  ores  of  cobalt,  however, 
do  not  exclusively  belong  to  primitive  rocks,  as 
they  have  been  met  with  in  veins  traversing  those 
of  the  secondary  class.  Such  veins  are  composed 
of  heavy  spar,  quartz,  and  lime  spar,  and  the  co- 
balt is  in  the  state  of  red,  black,  or  gray  oxide, 
combined  with  a small  portion  of  nickel  and  bis- 
muth. The  secondary  rocks  in  which  cobalt  is 
distributed,  are  compact  limestone,  gypsum,  black 
schistus  containing  pyrites,  and  bituminous  schis- 
tus  containing  copper,  and  marked  with  impres- 
sions of  fishes. 

The  minerals  which  accompany  cobalt,  are  such 
as  are  usually  connected  with  the  ores  of  metals, 
the  veins  of  which  are  the  common  repository  of 
cobalt  and  those  ores. 

It  has  been  observed,  that  when  veins  of  cobalt 
accompanying  silver  ores,  unite  with  other  veins 
in  which  the  ore  is  ferruginous,  the  veins  of  silver 
, ore  increase  greatly  in  mineral  riches. 

Mines  of  Cobalt . — The  ores  of  cobalt  are  pecu- 
liar to  European  countries,  and  in  the  few  places 
where  they  are  found,  they  rarely  exist  in  great 
abundance. 

Britain . — Cobalt  may  be  considered  as  a rare 
natural  production  of  this  country,  as  it  has  only 
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been  met  with  in  one  or  two  places,  in  such  quan- 
tity as  to  render  it  worth  the  attention  of  extract- 
ing it. 

One  cobalt  mine  only,  which  deserves  to  be 
distinguished  by  that  name,  has  been  knowTn  in 
Cornwall.  It  was  discovered  accidentally  in  driv- 
ing a level.  The  vein  was  three  feet  in  breadth, 
but  in  carrying  on  the  operations,  the  ore  was  soon 
exhausted.  Some  pure  cobalt  ore  was  also  disco- 
vered in  a copper  mine,  in  another  place  in  the 
same  county.  It  was  deposited  in  a small  vein, 
from  four  to  six  inches  thick,  and  was  un- 
mixed wTith  other  ores.  It  crossed  a copper  vein, 
and  the  cobalt  ore  was  found  in  that  part  of  the 
vein  where  it  joined  the  other ; but  it  very  soon 
disappeared,  or  became  so  thin,  that  it  was  not 
worth  pursuing.  The  ore  is  described  as  being  of 
a pale  red  or  blossom  colour,  so  that  it  was  pro- 
bably the  red  cobalt  ochre,  or  arseniate  of  cobalt, 
which  was  found  in  these  mines 

A considerable  quantity  of  the  same  kind  of 
cobalt  ore  was  dug  out  a few  years  ago  from 
the  copper  mine  of  Alva,  near  Stirling  in  Scot- 
land. This  was  probably  from  the  same  vein 
which  contained  the  mass  of  silver  ore  already 
mentioned  in  treating  of  the  ores  of  silver.  I 
have  picked  up  some  specimens  of  red  cobalt 


* Pryce,  Mineralog.  Cornub.  p.  50. 
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ore,  from  the  rubbish  of  the  lead  mines  near 
Newton  Stewart  in  Galloway.  In  this  mine  it 
seemed  to  be  accompanied  with  copper  ores.  1 
do  not  know  that  cobalt  ore  has  appeared  in  any 
other  place  in  this  country. 

France. — Some  indications  of  cobalt  have  ap- 
peared in  the  silver  mine  of  Allemont  in  Dauphinc 
in  France,  as  well  as  in  some  other  places;  parti- 
cularly in  the  department  of  Vosges,  where  it  runs 
in  regular  veins,  and  has  for  its  matrix  crystallized 
carbonate  of  lime  ; but  it  is  not  in  such  quantity 
as  to  render  its  extraction  an  object  of  pursuit. 
But  in  the  valley  of  Luchon,  in  the  middle  of  the 
Pyrenees,  cobalt  has  been  discovered  in  a vein  of 
quartz  which  traverses  a mountain  of  ferruginous 
schistus,  and  it  is  dug  out  in  such  abundance,  that 
a manufactory  has  been  established  on  the  spot,  for 
the  preparation  of  zaffre  and  smalt. 

Spain. — In  the  valley  of  Gistan,.  in  the  Spanish 
Pyrenees,  there  is  a mine  of  cobalt,  which  is  si- 
tuated in  a lofty  mountain  composed  of  a stratified 
rock,  in  which  feldspar  is  predominant.  It  ap- 
pears to  be  a species  of  gneiss,  which  alternates 
with  beds  of  siliceous  and  micaceous  schistus.  To- 
wards the  middle  region  of  the  mountain,  and  on 
the  west  side,  there  is  a bed  of  black  schistus  in 
a friable  state,  and  often  bituminous,  which  on 
the  south  side  is  30  feet  thick,  and  about  60  on 
the  north  side.  It  is  supported  by  a bed  of  red 
feldspar  on  one  side,  'and  connected  on  the  other 
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with  limestone.  This  bed  of  schistus  is  traversed 
by  veins  of  cobalt,  which  run  from  east  to  west, 
and  increase  in  thickness  from  four  or  five  lines  to 
more  than  five  feet ; and  near  the  surface  it  yields 
a cobalt  ore,  mixed  with  yellow  ochre  and  black 
cobalt  ore.  This  is  succeeded  by  brown  cobalt 
ore,  and  lastly  a compact  ore  of  red  cobalt,  or 
arseniate.  The  sides  of  the  vein  are  also  penetrated 
with  cobalt. 

These  veins  are  entirely  cut  off  by  the  lime- 
stone, as  well  as  by  the  bed  of  red  feldspar. 
Such  are  the  riches  of  some  of  these  veins,  that 
from  500  to  600  quintals  of  pure  ore  have  been 
dug  out. 

Germany . — There  are  some  valuable  mines  of 
cobalt  at  Schneeberg  and  Annaberg  in  Saxony. 
There  is  also  a singular  mine  of  cobalt  at  Riegels- 
dorff  in  Hessia.  An  immense  bed  of  slate  im- 
pregnated with  copper,  and  marked  with  impres- 
sions of  fishes,  and  which,  besides,  is  observed  to 
be  proportionally  rich  in  copper,  as  the  impres- 
sions become  more  abundant,  lies  in  a horizontal 
position,  at  the  depth  of  about  200  feet.  This 
secondary  stratum  of  slate  is  covered  with  several 
beds  of  limestone.  The  whole  mass  of  these  beds 
contains  veins,  which  are  accompanied  with  re- 
gular vein  stones.  In  these  veins  the  cobalt  is 
deposited,  but  it  is  only  found  at  a considerable 
depth,  and  in  the  immediate  vicinity  of  the  slate, 
which  is  impregnated  with  copper. 
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Bohemia. — A considerable  quantity  of  cobalt  ore 
is  extracted  from  the  silver  mines  of  Joachimsthal 
in  Bohemia.  It  is  frequently  combined  with 
some  of  the  silver  ores,  but  it  is  also  met  with  in 
detached  masses.  In  former  times,  when  the  de- 
mand for  cobalt  was  less,  not  more  than  200,000  lbs. 
were  produced  from  the  Bohemian  mines.  In  the 
time  of  Baron  Born,  the  quantity  obtained  amounted 
to  1,000,000  lbs.  In  more  remote  times,  the  cobalt 
ores,  through  ignorance  of  their  value,  were  thrown 
aside  among  the  rubbish,  which  has  been  since 
carefully  searched,  and  the  cobalt  which  is  found 
is  washed,  and  the  greater  part  of  it  transported 
to  Holland*. 

Sweden . — The  mines  of  cobalt  at  Tunaberg 
and  Los  in  Sweden,  are  situated  in  narrow  veins, 
which  alternately  enlarge  and  contract  in  their 
thickness  ; and  from  this  peculiar  arrangement, 
which  seems  to  be  pretty  uniform,  they  have  re- 
ceived the  name  of  chapelets,  chaplet  or  bead. 
The  vertical  section  exhibits  something  of  the 
appearance  of  that  object.  A similar  fact  has 
been  noticed  by  Saussure  in  several  places  of  the 
Alps,  and  particularly  at  the  foot  of  mount  Cenis, 
which  he  describes  as  an  immense  mass  of  rock, 
consisting  of  beds  of  limestone,  separated  from 
each  other,  and  included  in  thin  beds  of  a kind 


* Born’s  Travels,  p.  258. 
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of  schistus ; but  the  most  remarkable  circum- 
stance is  the  peculiar  form  of  the  beds  of  lime- 
stone, each  of  which  enlarges  and  diminishes  suc- 
cessively, with  a considerable  degree  of  unifor- 
mity ; the  same  bed  being  followed,  is  found  in  one 
place  20  inches  thick,  but  diminishes  in  another, 
at  the  distance  of  four  or  five  feet,  to  three  inches. 
From  this  peculiar  deposition  of  metallic  ore,  the 
miners  entertain  the  opinion,  that  the  metallic 
particles  which  compose  the  veins  have  gradually 
occupied  the  place  of  the  particles  of  stony  mat- 
ter ; and  this  opinion  is  considered  by  some  geo- 
logists as  probable ; according  to  which,  it  is  sup- 
posed that  the  earthy  matter  of  the  rock  has  been 
converted  into  veins  of  cobalt. 


SECT.  XIII. 


ORES  OF  NICKEL. 

Nickel  is  of  a shining  white  colour  like  that  of 
silver,  and  of  a granulated  texture.  The  sp.  gr. 
after  fusion  is  8*2 ; but  after  being  hammered,  it 
is  8*6.  Nickel  possesses  some  degree  of  malleabi- 
lity, and,  like  iron,  it  is  attracted  by  the  magnet. 
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Ores  of  Nickel. — The  ores  of  nickel  are  few  in 
number.  Two*  only  have  been  discovered,  the 
one  in  the  state  of  alloy,  and  the  other  in  the  state 
of  oxide. 

Copper-coloured  nickel,  kupfernickel,  or  false 
copper,  is  found  massive  or  disseminated,  and  of 
a pale  copper  red,  whitish,  or  grayish  colour ; sp. 
gr.  6*6  to  7*5.  Before  the  blow-pipe  it  gives  out 
the  fumes  and  odour  of  arsenic,  and  melts  with 
difficulty  into  a slag  mixed  with  metallic  particles. 
The  solution  in  acids  is  green,  and  the  constituent 
parts  are,  nickel  75,  arsenic  22 , sulphur  2.  But 
beside  these  ingredients,  it  sometimes  contains 
also  iron,  cobalt,  and  even  bismuth. 

Nickel  ochre,  or  oxide  of  nickel,  is  commonly 
found  efflorescent  on  other  minerals.  It  is  usually 
in  a loose  friable  state ; the  colour,  apple  green  of 
various  shades ; before  the  blow-pipe  it  remains 
unchanged,  but  communicates  to  borax  a yellow- 
ish red  colour.  It  is  insoluble  in  nitric  acid.  The 
constituent  parts  are,  oxide  of  nickel  67,  oxide  of 
iron  23,  water  2. 

Repositories , %3c.  of  Nickel. — The  ores  of  nickel 
commonly  exist  in  veins,  along  with  other  metal- 
lic ores,  and  particularly  in  veins  of  silver,  copper, 
or  cobalt.  It  belongs  exclusively  to  the  primitive 
class  ot  rocks ; its  usual  matrix  is  quartz,  heavy 
spar,  and  lime  spar.  It  is  rarely  met  with  in  large 
masses. 
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I he  mines  of  Allemont,  in  Dauphine  in  France, 
tarnish  copper-coloured  nickel.  It, is  accompanied 
by  a silver  ore,  to  which  it  communicates  a green 
colour.  The  same  species  of  nickel  ore  exists  in 
some  mines  of  the  Pyrenees.  It  is  also  not  very 
uncommon  in  the  silver  mines  of  Freyberg  in 
Saxony,  and  Saallield  in  Thuringia,  where  it  ac- 
companies gray  silver  ore.  In  the  mines  of 
Joachimsthal  in  Bohemia,  this  ore  of  nickel  ap- 
pears in  a dendritical  form,  in  a matrix  of  quartz. 

The  other  ore  of  nickel,  the  oxide,  is  rarely 
found  in  masses,  for  it  usually  accompanies  cop- 
per-coloured nickel,  and  sometimes  exists  in  in- 
timate combination  with  other  minerals,  to  which 
it  communicates  a green  colour.  The  existence 
of  nickel  in  the  masses  of  iron  found  in  Siberia 
and  in  South  America,  and  in  all  the  meteoric 
stones  which  have  been  examined,  has  already 
been  noticed  in  the  remarks  on  native  iron. 


SECT.  XIV. 

ORES  OF  MANGANESE. 

I 

It  has  been  hitherto  found  extremely  difficult  to 
extract  manganese  from  its  ores,  and  reduce  it  to 
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the  metallic  form.  In  this  state  it  is  of  a grayish 
white  colour,  of  a granular  texture,  possesses  con- 
siderable brilliancy,  equals  iron  in  hardness,  but 
is  very  brittle ; sp.  gr.  6*8.  It  is  only  fusible  at 
the  temperature  of  l60°  of  Wedgwood. 

Ores  of  Manganese . — The  ores  of  manganese, 
which  exist  chiefly  in  the  state  of  oxide,  and  some- 
times in  that  of  carbonate,  appear  under  a great 
variety  of  forms  ; but  it  is  easy  to  detect  a notable 
quantity  of  that  metal  by  means  of  the  blow-pipe, 
by  the  action  of  which  it  produces  with  borax, 
and  with  the  addition  of  a little  nitre,  a violet 
coloured  glass. 

Gray  ore  of  manganese,  or  oxide  of  manganese, 
is  found  in  a radiated,  foliated,  compact,  and  earthy 
form,  the  essential  character  of  all  which  is,  that 
it  colours  borax  violet.  The  radiated  ore  is  mas- 
sive or  disseminated,  or  crystallized  in  oblique 
four-sided  prisms,  or  in  acicular  prisms,  in  fasci- 
cular groups.  The  colour  is  steel  gray,  or  iron 
black ; sp.  gr.  3*7  to  4*7.  The  foliated  gray  ore 
is  also  found  massive,  disseminated,  or  crystal- 
lized ; the  compact  gray  ore  is  found  massive  or 
disseminated,  in  angular,  botryoidal,  or  dendritical 
forms.  The  colour  is  steel  gray,  or  bluish  black. 
The  earthy  gray  ore  is  also  massive  and  dissemi- 
nated, and  sometimes  superficial  and  dendritical, 
with  a dull  earthy  fracture. 

The  constituent  parts  of  the  varieties  of  the 
ores  of  manganese  now  enumerated  are,  oxide  of 
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manganese  83  to  99,  oxide  of  iron  2 to  3,  carbo- 
nate of  lime  7*5,  barytes  1*5  to  3,  silica  5 to  7 ; 
but  it  must  be  observed  that  these  ingredients  ap- 
pear to  exist  in  very  variable  proportions  ; some 
of  them  are  entirely  wanting ; and  purer  speci- 
mens of  the  ore  which  have  been  examined,  consist 
onlv  of  oxide  of  manganese  92  to  99,  with  a small 
quantity  of  water. 

Black  ore  of  manganese  is  found  in  a massive, 
disseminated,  or  crystallized  form,  the  crystals 
being  four-sided  double  pyramids,  arranged  in 
rows  ; is  of  a grayish  or  brownish  black  colour, 
and  gives  a dull  brownish  red  streak.  It  is  com- 
posed of  oxide  of  manganese  82,  carbonic  acid  5, 
and  sulphur  11  ; and  some  specimens  contain  a 
considerable  proportion  of  barytes  in  a state  of 
purity. 

Red  ore,  or  carbonate  of  manganese,  exists 
massive,  disseminated,  botryoidal,  or  crystallized 
in  small  pyramids,  or  flat  rhomboids ; is  of  a rose 
red,  or  brownish  white  colour ; sp.  gr.  3*2.  In- 
fusible before  the  blow-pipe,  but  becomes  gray- 
ish black,  and  colours  borax  violet  blue,  or  crim- 
son red.  The  constituent  parts  of  this  ore  are, 
oxide  of  manganese  48,  oxide  of  iron  2,  carbonic 
acid  49,  with  a small  proportion  of  silica. 

The  phosphate  of  manganese  has  been  already 
mentioned  under  the  name  of  pitchy  iron  ore , 
among  the  ores  of  iron,  although  it  more  pro- 
perly belongs  to  those  of  manganese,  since  the 
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proportion  of  the  latter  is  greater  than  the  propor- 
tion of  iron  ; and  besides,  it  appears  that  the  iron 
is  only  an  accidental  combination,  and  the  phos- 
phoric acid  is  united  with  the  manganese  only. 

Repositories  of  the  Ores  of  Manganese. — Manga-  * 
nese  is  universally  diffused  through  all  kinds  of 
rocks ; but  when  it  is  met  with  in  masses,  or  in 
considerable  quantity,  it  is  deposited  chiefly  in 
Veins  which  traverse  primitive  rocks.  The  oxide 
of  manganese  frequently  accompanies  the  ores  of 
iron,  and  particularly  sparry  iron  ore ; it  is  found 
in  veins  alohg  with  red  and  brown  iron  ores.  It 
appears  in  a dendritical  form,  between  the  layers 
of  malachite,  mountain  cork,  and  some  other 
minerals,  and  sometimes  it  is  met  with  in  inti- 
mate combination  with  cobalt.  Oxide  of  man- 
ganese is  not  uncommon  in  a dendritical  form,  in 
stone  marl,  some  of  which  is  susceptible  of  a con- 
siderable polish,  thus  exhibiting  black  shining 
arborescent  figures.  The  ores  of  manganese  are 
frequently  accompanied  by  sulphate  of  barytes, 
as  well  as  some  other  earthy  and  stony  bodies. 

Mines  of  Manganese. — It  has  been  already  ob- 
served, that  manganese  is  very  universally  dif- 
fused. It  is  accordingly  met  with  in  smaller  or 
greater  proportion,  accompanying  other  metallic 
ores,  and  particularly  those  of  lead  and  iron.  But 
the  ores  of  manganese  also  exist  in  considerable 
detached  masses,  either  in  the  form  of  veins  or 
beds,  in  different  parts  of  the  world. 

VoL.  II.  I i 
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Britain . — Although  the  ores  of  manganese  may 
be  considered  as  no  uncommon  productions  oi 
many  of  the  mines  of  Britain,  yet  there  are  not 
many  places  where  they  are  in  such  abundance, 

, as  to  come  under  the  denomination  of  mines  of 
manganese.  Upton-Pyne  in  Devonshire  is,  I be- 
lieve, the  principal  source  from  which  the  oxide 
of  manganese,  now  become  so  valuable  in  various 
manufactures,  is  derived,  to  supply  the  demand 
of  this  country.  The  discovery  of  manganese  at 
that  place  was  made  about  40  years  ago.  The 
ore,  it  is  said,  does  not  run  in  veins,  but  is  de- 
posited in  flat,  irregular  patches,  at  no  great  depth 
from  the  surface.  The  beds  of  manganese  extend 
from  Upton-Pyne  south-east  to  Huxham,  and 
north-west  to  Newton  St  Cyres.  It  is  dug  out  in 
large,  rugged,  irregular  masses,  the  cavities  and 
fissures  of  which  contain  numerous  crystalliza- 
tions. Some  years  ago,  200  tons  of  manganese 
were  exported  annually,  and  the  price  it  bi  ought 
was  from  30s.  to  L.3  per  ton  * It  is  scarcely  ne- 
cessary to  mention,  that  this  oxide  of  manga- 
nese is  employed  chiefly  to  discharge  the  colour 
of  crystal  glass,  when  used  in  small  quantity,  or 
in  larger  quantity,  to  communicate  to  glass  a 
violet  colour;  as  a pigment  in  the  manufacture  of 
porcelain  ware;  and  in  the  preparation  of  oxymu- 


* History  of  Exeter,  p.  93. 
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iialic  acid,  now  of  such  extensive  application  in 
the  processes  of  bleaching. 

Excepting  in  one  place,  the  ores  of  manganese 
have  not  been  met  with  in  Scotland  in  such  quan- 
tity as  to  become  an  object  of  pursuit.  A con- 
siderable vein  of  manganese  was  discovered  some 
years  ago  in  the  primitive  rocks  of  Aberdeenshire, 
and  a good  deal  of  the  ore  was  dug  out ; but  the 
ore  is  so  extremely  hard,  arising  prolpably  from 
the  stony  matters,  particularly  quartz  and  heavy 
spar,  with  which  it  is  mixed,  or  perhaps  from  a 
large  proportion  of  silica  with  which  it  is  inti- 
mately combined,  that  it  was  found  difficult  to 
reduce  it  to  the  state  of  powder,  so  that  it  could 
not  be  applied  to  the  ordinary  purposes  of  that 
ore.  This  mine  afforded  some  beautiful  speci- 
mens of  the  radiated  gray  ore. 

France. — This  kingdom  possesses  some  valuable 
mines  of  manganese ; and  one  which  is  described 
as  the  most  interesting,  is  that  of  Romaneche,  in 
the  department  of  Saone  and  Loire.  This  mine 
is  situated  on  the  eastern  declivity  of  a chain  of 
primitive  mountains,  which  stretch  from  north- 
north-east,  and  are  composed  of  granite,  lime- 
stone, and  a siliceous  sandstone.  The  granite, 
incumbent  on  which  is  the  manganese,  is  seen  at 
Romaneche.  This  mine,  according  to  Dolomieu^ 
by  whom  it  is  described,  forms  neither  a bed  nor 
a vein,  but  is  deposited  in  a kind  of  accumulated 
mass,  about  10  fathoms  in  its  greatest  breadth, 
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and  nearly  200  in  length ; it  extends  from  north-* 
east  to  south-west,  nearly  parallel  to  the  chain  of 
mountains.  It  appears  on  the  surface,  and  even 
rises  above  the  vegetable  soil  at  its  northern  ex- 
tremity ; but  in  proceeding  to  the  south-west,  it 
sinks  under  the  stratum  of  clay  and  sandstone. 
On  the  south-east  flank  it  is  bounded  by  a stratum 
of  limestone  immediately  incumbent  on  the  gra- 
nite ; but  on  the  north-east  flank,  the  granite  it- 
self forms  the  limit,  and  seems  to  have  cut  it  oft 
entirely.  The  thickness  of  this  mass  of  manga- 
nese is  from  7 to  15  feet.  The  greatest  part  of 
the  mass  is  free  from  mixture  of  other  minerals ; 
sometimes,  however,  it  is  combined  with  fluor 
spar  of  a deep  violet  colour,  and  the  cavities  and 
fissures  contain  a fine  ductile  clay  of  a reddish 
gray  colour  *. 

Manganese  is  also  met  with  in  other  places  of 
Trance,  and  particularly  in  the  Cevennes,  where 
it  is  found  in  a matrix  of  granite.  The  ore  is 
light  and  friable,  ahd  divides  in  irregular  prisms, 
somewhat  in  the  manner  of  basalt.  It  is  also  met 
with  in  the  department  of  Vosges,  and  in  that  of 
Moselle.  The  compact  variety  of  the  gray  ore  is 
dug  out  in  considerable  quantity  in  the  vicinity 
of  Perigueux,  in  the  department  of  Dordogne., 


* Jour,  des  Mines,  No.  xix.  p.  27, 
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and  is  known  in  commerce  by  the  name  of  Peri- 
gueux  stone. 

The  following  is  a description  of  the  manganese 
mine  of  St  Marcel,  in  the  valley  of  Aoste  in  Pied- 
mont, by  Saussure*.  This  mine  is  situated  in 
a mountain  of  gneiss,  the  beds  of  which  are  nearly 
in  a horizontal  position.  The  mine  is  entirely 
open  to  the  day,  and  the  ore  is  supposed  to  be 
deposited  in  the  form  of  a large  mass,  rather  than 
in  that  of  a bed  or  vein.  It  lies  parallel  to  the 
strata  of  the  mountain,  and  is  about  15  feet  in 
thickness,  where  it  appears  on  the  surface,  but 
gradually  diminishes  as  it  enters  the  mountain,  to 
the  thickness  of  five  or  six  feet.  It  has. been  pe- 
netrated about  50  feet,  and  it  docs  not  appear  to 
exceed  200  or  300  feet  in  length.  Its  inclina- 
tion from  the  west  is  at  an  angle  of  15°  or  20°. 
This  mine  affords  fine  specimens  of  the  red  ore5 
or  carbonate  of  manganese,  which  are  of  a beau- 
tiful purple  red  colour,  and  crystallized  in  the 
form  of  rhomboidal  prisms. 

Germany , bV. — The  ores  of  manganese  are  not 
uncommon  in  different  parts  of  Germany.  The 
red  ore,  or  the  carbonate  of  manganese,  has  been 
tound  in  the  gold  mine  of  Nagyag,  and  other 
auriferous  mines  in  Transylvania.  Patrin  mentions 
a siliceous  sandstone,  which  is  found  in  an  iron 
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mine  in  the  Uralian  mountains,  and  which  is  en- 
tirely penetrated  with  manganese,  disposed  in  a 
dendritical  form,  through  the  whole  mass  of  the 
stone.  The  fissures  of  the  sandstone  are  lined 
with  thick  incrustations  of  the  same  mineral,  in 
the  form  of  rays,  of  an  inch  in  diameter. 


SECT.  XV. 

ORES  OF  ARSENIC. 

.Arsenic  is  a metallic  substance  of  a very  brittle, 
and  even  friable  nature ; of  a black  colour,  and 
with  a fresh  fracture,  of  a brilliant  appearance  ; but 
is  soon  tarnished  by  exposure  to  the  air.  The 
fracture  is  granulated,  and  sometimes  a little  fo- 
liated, or  splintery ; sp.  gr.  8*3. 

Arsenic  burns  with  a bluish  flame;  and  under 
whatever  form  it  appears,  it  may  be  readily  dis- 
tinguished by  its  white  fumes,  and  the  peculiar 
odour  of  garlic  which  it  emits  when  heated.  This 
smell  is  very  pungent,  and  when  once  perceived, 
can  scarcely  be  confounded  with  that  of  any  other 
substance. 

Ores  of  Arsenic. — Arsenic,  in  the  state  of  ore, 
exists  in  all  the  different  forms  in  which  metallic 
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ores  are  usually  found,  as  in  that  of  native  arse- 
nic, in  the  state  of  sulphuret,  in  that  of  oxide, 
and  in  the  state  of  salt. 

Native  arsenic  is  found  massive  or  disseminated, 
having  a rough  or  granulated  surface;  colour  light 
lead  gray,  tin  white,  or  grayish  black  when  tar- 
nished ; sp.  gr.  5*72  to  5*76 ; which  is  consider- 
ably inferior  to  that  of  the  pure  metal  artificially 
prepared.  It  melts  readily  before  the  blow-pipe, 
emitting  a white  vapour,  with  the  odour  of  garlic. 
Native  arsenic  is  usually  alloyed  with  a little  iron, 
and  sometimes  also  with  a small  portion  of  gold 
or  silver ; and  when  the  arsenic  is  volatilized  by 
means  of  heat,  these  substances  remain  behind  in 
the  form  of  scoriae. 

Arsenical  pyrites,  or  mispickel,  is  divided  into 
two  varieties,  common  and  argentiferous,  the  lat- 
ter distinguished  from  the  former  by  containing  a 
quantity  of  silver,  which  varies  from  1 to  10  per 
cent.  The  first  variety  is  found  massive  or  dis- 
seminated, and  also  crystallized  in  oblique  four- 
sided prisms,  which  are  usually  small,  and  variously 
modified  on  their  angles,  faces,  and  extremities.  The 
colour  is  silvery  white,  and  often  tarnished  yellow, 
or  bluish  and  iridescent;  sp.  gr.  5*7  to  6*5.  When 
rubbed,  it  gives  out  the  odour  of  garlic,  and  be- 
fore the  blow-pipe  a white  vapour  appears,  hav- 
ing the  usual  odour.  It  is  composed  of  arsenic., 
iron,  and  sulphur.  The  second  variety  is  also 
found  massive  or  crystallized,  in  small  acicular 
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four- sided  prisms,  of  a tin  or  silvery  white  colour, 

• but  is  also  usually  tarnished. 

Orpiment,  or  sulphuret  of  arsenic,  is  also  di^ 
vided  into  two  varieties,  yellow  orpiment,  and  red 
orpiment,  or  realgar.  Yellow  orpiment  is  found 
massive,  disseminated,  superficial,  or  crystallized 
in  oblique,  four-sided  prisms.  The  crystals  are 
small,  with  a smooth  surface,  and  are  confusedly 
aggregated.  The  colour  is  citron  or  golden  yel- 
low, and  sp.  gr.  3*3  to  3*4.  Before  the  blow-pipe 
it  gives  out  a blue  flame  with  white  vapour,  and 
the  smell  of  arsenic  and  sulphur.  The  consti- 
tuent parts  of  this  ore  are,  arsenic  80  to  84,  sul-r 
phur  16  to  20;  but  according  to  Thenard,  it  is 
composed  of  sulphur  43»  and  arsenic  57« 

Red  orpiment,  or  realgar,  is  rarely  found  mas- 
sive, but  is  usually  disseminated  or  superficial, 
and  often  crystallized  in  oblique  four-sided  prims, 
with  obtuse  lateral  edges.  The  colour  is  light 
aurora  red,  scarlet  red,  or  orange  yellow ; sp.  gr. 
3*2.  It  is  supposed  that  this  variety  contains  a 
smaller  proportion  of  sulphur,  and  is  contami- 
nated with  iron  and  silica ; but  the  analysis  of 
Thenard  determines  the  proportions  to  be,  sulphur 
25,  and  arsenic  75.  Perhaps  this  was  a purer  spe- 
cimen of  the  ore. 

Oxide  of  arsenic  is  an  ore  which  usually  exists 
in  an  earthy  and  friable  form,  and  is  attached  to  the 
surface  of  other  minerals  ; sometimes  it  is  crystal 
iized  in  capillary  crystals,  or  small  octahedrons. 
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The  colour  is  snow  white,  yellowish,  reddish,  or 
grayish  white ; sp.  gr.  3*7 ; is  entirely  dissipated 
before  the  blow-pipe,  and  is  soluble  in  water  and 
acids.  This  ore,  which  is  a rare  mineral  produc- 
tion, is  a pure  oxide  of  arsenic,  containing  an  ac- 
cidental mixture  of  earth. 

Arsenic  combined  with  such  a proportion  of 
oxygen  to  convert  it  to  the  state  of  acid,  is  found 
in  nature  united  with  various  metallic  and  earthy 
substances,  forming  salts,  as  arseniate  of  lime, 
which  is  found  in  small  capillary  crystals,  with  a 
silky  lustre  and  radiated  fracture.  Colour  snow 
white;  sp.  gr.  2 5 to  2*6.  Soluble  in  nitric  acid 
with  effervescence,  and  is  composed  of  arsenic 
acid  50'5,  lime  25,  water  24.  Arsenic  acid  also 
enters  into  combination  with  copper,  iron,  lead, 
and  cobalt,  which  have  been  already  described 
among  the  ores  of  those  metals. 

Repositories  of  the  Ores  of  Arsenic. — The  ores  of 
arsenic  are  usually  distributed  in  primitive  rocks. 
Some  of  them,  however,  as  the  yellow  orpiment, 
exist  in  stratified  mountains.  Eut  arsenic  is  more 
commonly  found  along  with  the  ores  of  other 
metals,  and  particularly  those  of  silver.  This  is 
the  peculiar  repository  of  native  arsenic. 

Realgar  is  met  with  in  primitive  rocks,  but  it 
,may  be  considered  also  as  a volcanic  production, 
being  frequently  found  sublimed  in  the  crater  of 
volcanoes,  or  in  the  fissures  of  the  lava.  The  ores 
of  other  metals  are  sometimes  succeeded  by  those 
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ot  arsenic  in  going  downwards.  It  has  been  al- 
ready noticed,  in  treating  of  the  mines  of  mercury 
in  South  America,  that  at  the  depth  of  600  fathoms 
the  ores  of  arsenic  were  found  occupying  the  place 
of  a vein  of  cinnabar,  and  were  dug  out  for  that 
ore ; and  in  the  silver  mine  of  Zmeof  in  Siberia, 
at  the  depth  of  g6  fathoms,  the  only  ore  found  in 
the  vein  was  native  arsenic ; and  indeed,  accord- 
ing to  Patrin,  the  veins  of  silver  ore  in  Siberia, 
in  going  downward,  generally  terminate  in  arse- 
nical ores. 

Arsenic  in  such  abundance,  or  in  that  state  in 
which  it  comes  under  the  denomination  of  an  ore 
of  that  metal,  is  rarely  found  in  Britain ; but  in 
the  form  of  arsenical  pyrites,  it  is  not  uncommon 
in  Cornwall;  and  in  combination  with  other 
metals,  or,  according  to  the  old  form  of  expression, 
as  a mineralizer  of  other  metals,  it  is  met  with 
in  greater  or  smaller  proportion  in  almost  all 
mines.  Thus,  the  arseniates  of  copper  were  for- 
merly frequent  productions  of  the  Cornwall  mines; 
and  thus,  too,  the  arseniates  of  lead  and  of  cobalt 
are  occasionally  met  with  in  other  places. 

Native  arsenic  is  found  at  the  mines  of  St  Mary 
in  France,  in  a vein  which  uniformly  contains  that 
ore,  between  the  hanging  side  of  the  vein,  which 
is  a rock  of  schistns,  and  the  matrix,  which  is  lime 
spar;  at  Freyberg  in  Saxony,  it  exists  in  rounded 
masses,  composed  of  concentric  layers,  and  con* 
taining  about  4 Per  cent*  °f  silver. 
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Arsenical  pyrites  is  abundant  in  almost  all  the 
silver  and  tin  mines  in  Saxony  and  Bohemia ; in 
that  part  of  the  Pyrenees  called  Couserans,  a vein 
of  arsenical  pyrites  has  been  discovered,  which  is 
included  in  rocks  filled  with  the  same  pyrites; 
from  which  it  has  been  inferred,  that  veins  of  co- 
balt or  of  tin  might  be  discovered  in  its  vicinity. 

The  oxide  of  arsenic  has  been  found  in  Hessia, 
Saxony,  and  Hungary,  and  in  a mine  of  cobalt  in 
the  valley  of  Gistain,  in  the  Spanish  Pyrenees.  It 
is  met  with  also  in  the  mines  of  Transylvania  and 
Bohemia ; at  Joachimsthal  in  the  latter  country, 
it  appears  in  the  form  of  quadrangular  prisms, 
attached  to  heavy  spar,  or  argillaceous  schistus; 
but  this  is  a rare  mineral.  The  oxide  of  arsenic 
is  sometimes,  but  rarely,  met  with  in  the  form  of 
a white  efflorescence,  either  in  the  veins  of  the 
other  ores  of  arsenic,  or  sublimed  in  volcanic 
rocks. 

Realgar  is  deposited  in  primitive  rocks,  as  at  St 
Gothard ; and  in  that  variety  of  limestone  called 
dolomite , in  a place  mentioned  by  De  Born,  on  the 
borders  of  Transylvania,  occupying  a vein  of  a 
foot  in  thickness,  which  consists  entirely  of  realgar, 
which  is  friable,  and  of  an  earthy  appearance.  In 
the  gold  mine  of  Nagyag  in  Transylvania,  it  is  in 
irregular  masses,  and  accompanies  auriferous  ores. 
At  Felsobanya  in  Hungary,  and  in  some  of  the 
mines  of  Bohemia  and  Saxony,  realgar  exists  in 
thp  form  of  quadrangular  prisms. 
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This  ore  of  arsenic  is  also  a volcanic  produce 
tion.  It  is  found  at  Solfatara  near  Naples,  in  the 
fissures  of  volcanic  rocks,  under  the  form  of  small 
octahedral  crystals,  somewhat  like  rubies.  At 
Vesuvius,  in  the  current  of  lava  which  was  ejected 
from  that  volcano  in  1794»  it  is  also  crystallized. 
iEtna  in  Sicily  also  affords  realgar.  The  same  ore 
is  the  production  of  a volcano  in  Japan,  and  of 
another  in  Guadaloupe  in  the  West  Indies ; it  is 
distinguished  by  the  name  of  red  sulphur. 

Although  orpiment  frequently  accompanies  the 
former  ore  of  arsenic,  yet  it  is  considered  as  rather 
belonging  to  stratified  rocks.  This  ore  of  arsenic 
is  also  met  with  in  the  crater  of  volcanoes,  along 
with  sulphur,  sal  ammoniac,  and  other  volcanic  pro- 
ductions. Orpiment,  however,  is  found  in  some  of 
the  mines  of  Hungary  and  Transylvania,  in  nests, 
and  even  in  veins,  and  particularly  in  mines  of 
copper  and  silver.  It  is  found  at  Tayoba  in  Hun- 
gary, in  small  detached  masses,  consisting  of  octa- 
hedral crystals  confusedly  grouped  together,  and 
imbedded  in  a bluish  clay ; and  in  the  mine 
of  Ohlalapos  in  Transylvania,  it  is  in  the  form  of 
small  testaceous  masses,  aggregated  like  roe-stone. 
A great  deal  of  the  orpiment  of  commerce  comes 
from  the  Levant,  and  other  eastern  countries,  in 
the  form  of  irregular  masses,  with  a foliated  tex- 
ture. 
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SECT.  XVI. 

ORES  OF  MOLYBDENA, 

IVIolybdena  has  never  yet  been  completely  re- 
duced to  the  metallic  state,  so  that  its  peculiar 
characters,  as  a pure  metal,  are  unknown  ; but  it 
is  supposed  that  its  specific  gravity  is  about  6,  or, 
according  to  others,  6*C).  It  is  of  a steel  gray  co- 
lour, of  a compact,  unequal,  and  somewhat  granu- 
lated texture. 

Ores  of  Molijbdena. — The  only  ore  of  molybdena 
is  that  of  the  sulphuret,  which  is  found  massive  or 
disseminated,  sometimes  laminated,  or  in  plates,  and 
rarely  crystallized  in  equal  six-sided  tables,  like 
the  crystals  of  mica.  It  possesses  a shining  lustre, 
and  a foliated  fracture.  The  colour  is  lead  gray  ; 
it  is  very  soft,  and  in  thin  plates  is  flexible  ; feels 
greasy ; sp.  gr.  4*5  to  4’7-  It  is  infusible  before 
the  blow-pipe,  but  gives  out  a sulphureous  smell. 
Nitric  acid  converts  it  to  a white  oxide,  which  is 
the  molybdic  acid.  The  constituent  parts  of  this 
ore  are,  molybdic  acid  45  to  GO,  sulphur  40  to  55. 

The  only  other  mineral  of  which  this  metal 
forms  a component  part,  is  the  molybdate  of  lead. 
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already  described  under  the  ores  of  that  metal, 
and  chiefly  obtained  from  Bleyberg  in  Carinthia. 

Repositories , 13  c,  of  Molybdena . — The  sulphuret 
of  molybdena  may  be  considered  as  a rare  mineral 
production.  It  is  usually  found  in  small  detached 
masses,  in  veins  of  quartz  which  traverse  granite 
mountains,  and  accompanied  with  tin  ores,  wolf- 
ram, quartz,  native  arsenic,  and  fluor  spar. 

The  ore  of  molybdena  is  met  with  only  in  this 
country  in  the  western  parts  of  Inverness-shire  in 
Scotland,  where  it  is  deposited  in  chlorite  schistus, 
and  accompanied  by  common  actynolite.  In 
France,  in  the  neighbourhood  of  Mont  Blanc,  it  is 
disseminated  in  small  plates  near  gray  granite  ; in 
Saxony  it  is  imbedded  in  quartz,  mixed  with  a 
greenish  stone  marl ; at  Zinnwald  in  Bohemia,  it 
exists  also  in  a greasy  opaque  quartz;  and  at 
Schlakenwald  in  the  same  country,  it  is  found 
in  large  plates  in  a transparent  quartz.  Accord- 
ing to  De  Born,  an  argentiferous  ore  of  molyb- 
dena has  been  found  in  Hungary,  in  rounded 
masses  of  two  inches  in  diameter,  deposited  in  a 
grayish  coloured  clay.  The  masses  are  composed 
of  large  shining  plates  applied  to  each  other.  The 
proportion  of  silver  with  which  it  is  combined, 
amounts  nearly  to  1 % per  cent . Molybdena  has  also 
been  found  in  Upper  Hungary,  in  a state  of  com- 
bination with  gold.  * 
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SECT.  XVII. 

ORES  OF  TUNGSTEN. 

Tungsten  is  one  of  the  metals  which,  in  its  com- 
bination with  oxygen,  performs  the  part  of  an 
acid.  The  acid  form  of  this  metal  was  discover- 
ed by  Scheele  in  178I.  It  was  reduced  to  the  me- 
tallic state  by  the  brothers  Delhuyarts.  This  metal 
is  of  a grayish  white  colour,  very  hard,  very  brittle, 
and  assumes  the  crystallized  form.  The  sp.  gr.  is 
said  to  be  17-6. 

Ores  of  Tungsten . — The  only  two  ores  of  tung- 
sten known  are  in  the  state  of  salt,  which  are 
wolfram  and  tungstate  of  lime. 

Wolfram  is  found  massive,  disseminated,  or  crys- 
tallized in  six-sided  prisms,  and  in  rectangular 
four-sided  tables ; colour  brownish  black,  or  per- 
fect black,  and  sometimes  tarnished  ; it  is  soft  and 
brittle ; sp.  gr.  7*1  to  7*3  \ decrepitates  before  the 
blow-pipe,  but  is  infusible.  The  constituent  parts 
of  this  ore  are,  tungstic  acid  35  to  67,  oxide  of 
manganese  7 to  32,  oxide  of  iron  13  to  31,  and 
sometimes  a small  portion  of  silica. 
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Tungsate  of  lime,  or  tungsten,  is  also  found 
massive,  disseminated,  or  crystallized  in  regular 
octahedrons.  Colour  grayish  or  yellowish  white* 
translucent,  brittle  ; sp.  gr.  6' 00 ; decrepitates  be- 
fore the  blow-pipe,  and  loses  its  transparency,  but 
is  infusible.  When  reduced  to  powder,  and  di- 
gested with  nitric  or  muriatic  acid,  a citron  yel- 
low residuum  is  produced,  which  is  tungstic  acid. 
The  constituent  parts  are,  oxide  of  tungsten  75  to 
77,  lime  17  to  18,  silica  1 to  3,  with  a small  por- 
tion of  oxide  of  iron  and  manganese. 

Repositories , i$c.  of  the  Ores  of  Tungsten . — The 
ores  of  this  metal  belong  exclusively  to  primitive 
rocks,  and  very  frequently  they  accompany  the 
ores  of  tin* 

Cornwall  is  the  only  place  in  Britain  in  which 
the  ores  of  tungsten  have  been  discovered,  and 
there  they  are  mixed  with  ochre  of  iron,  and 
other  metallic  substances.  Tungstate  of  lime  has 
been  found  in  the  department  ol  Isere  in  France, 
and  wolfram  is  said  to  be  abundant  m a vein  of 
quartz  near  St  Leonard,  in  the  department  of. 
Upper  Vienne. 

In  examining  the  mountain  where  the  wolfram 
is  found,  three  powerful  veins  of  white  quartz, 
from  four  to  five  feet  in  thickness,  and  running 
from  north-east  to  south-west,  were  discovered. 
In  one  of  these  veins,  the  top  of  a vein  of  wolf- 
ram, ten  inches  thick,  was  observed. 


Gres  of  titanium. 


513 


Both  the  ores  of  tungsten  have  been  found  in 
Saxony  and  Bohemia,  where  they  also  accompany 
the  ores  of  tin.  Tungstate  of  lime,  in  small  octa- 
hedral crystals,  of  a yellowish  brown  colour,  is  met 
with  at  Zinnwald  in  Bohemia,  attached  to  quartz 
or  mica. 

Wolfram  has  been  found  only  in  one  place 
in  Siberia,  in  the  mountain  of  Odon-Tchelon  in 
Daouria.  It  is  deposited  in  the  fissures  of  gra- 
nite, where  it  is  always  accompanied  with  topazes 
and  beryls.  The  matrix  of  the  wrolfram  is  a gra- 
nulated quartz,  in  which  are  disseminated  the  mi- 
nerals just  mentioned;  and  it  is  also  mixed  with 
changeable  coloured  mica,  and  insulated  crystals 
of  blende.  Some  of  the  ores  of  tungsten  have  also 
been  met  with  in  Sweden. 
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X itanium  has  never  yet  been  completely  re- 
duced to  the  metallic  state.  A thin  friable  pel- 
licle of  the  colour  of  copper  has  only  been  ob- 
tained. 
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Ores  of  Titanium . — The  ores  of  this  metal  which 
have  been  hitherto  discovered,  are  always  in  the 
state  of  oxide.. 

Menachanite  is  usually  found  in  small  detached 
rounded  grains,  with  a rough  surface,  and  semi- 
metallic  appearance.  It  has  also  been  met  with 
massive ; colour  grayish,  or  iron  black ; sp.  gr. 
4*4 ; infusible  before  the  blow-pipe,  but  colours 
borax  greenish  brown.  Constituent  parts  are, 
oxide  of  titanium  40  to  45,  oxide  of  iron  49  to  51, 
silica  3 to  11,  and  sometimes  a portion  of  manga- 
nese. The  massive  form  of  this  ore  retains  a larger 
proportion  of  iron,  and  less  of  titanium. 

Octahedrite  is  only  met  with  crystallized,  in 
elongated  octahedrons  with  square  bases ; colour 
steel  gray,  sometimes  light  indigo  blue ; sp.  gr. 
3*8  ; infusible  before  the  blow-pipe,  but  melts 
with  borax,  which  it  colours  green,  and  in  cool- 
ing crystallizes  in  the  form  of  needles.  This  ore 
is  chiefly  composed  of  oxide  of  titanium. 

Titanite,  or  red  schorl,  is  crystallized  in  oblique 
four-sided  prisms  ; it  exists  also  in  acicular  and 
capillary  crystals,  imbedded  in  quartz,  or  grouped 
together;  colour  blood  red,  or  reddish  brown;  sp. 
o*r.  4*1  to  4*2  ; infusible  before  the  blow-pipe,  but 
loses  its  transparency.  This  ore  is  also  chiefly 
composed  of  oxide  of  titanium. 

Nigrine  is  found  disseminated,  and  sometimes 
amorphous,  but  often  crystallized  in  oblique  four- 
sided prisms ; colour  dark  brownish  black,  or  vio- 
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let  brown ; sp.  gr.  3*5  to  4*6 ; infusible  before  the 
blow-pipe.  Constituent  parts,  oxide  of  titanium 
33  to  74»  silica  8 to  35,  lime  18  to  32. 

Iserine  exists  in  rounded  or  angular  grains,  hav- 
ing a rough  and  glimmering  surface ; colour  iron 
black,  or  brownish ; sp.  gr.  4*5. 

Repositories , i$c.  of  the  Ores  of  Titanium. — The 
ores  of  titanium  have  been  only  found  in  primi- 
tive rocks.  The  only  ore  of  this  metal  which  has 
been  discovered  in  Britain  is  the  first,  or  menachan- 
ite,  which  is  met  with  in  the  valley  of  Menachan 
in  Cornwall,  and  in  the  form  of  sand.  It  is  said 
that  almost  all  black  sands  contain  a portion  of  tita- 
nium. A sand  of  this  description  from  Providence, 
one  of  the  Bahama  islands,  and  from  Botany  Bay  in 
New  Holland,  has  been  found  to  contain  a portion 
of  this  ore.  Nigrine  is  found  in  different  places  in 
France,  as  in  the  mine  of  Allemont,  in  the  rocks 
of  Mont  Blanc,  and  in  those  of  the  neighbourhood 
of  Limoges,  in  a quarry  to  the  west  of  Nantz, 
where  it  is  in  the  form  of  small  gray  crystals,  be- 
tween two  layers  of  hornblende,  in  feldspar.  Ti- 
tanite  has  been  also  found  in  France,  in  the  neigh- 
bourhood of  Limoges,  in  alluvial  soil;  and  in  the 
department  of  Mont  Blanc,  it  has  been  met  with 
in  a vein  traversing  a mountain  composed  of 
greenish,  or  whitish  talcky  schistus.  This  vein 
contains  quartz,  lime  spar,  sparry  and  specular 
iron  ore ; and  the  titanite  is  deposited  in  the  ca-* 
vities  of  those  stones,  in  acicular  crystals  grouped 
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together.  The  same  ore  has  been  met  with  in 
many  other  countries,  as  in  Spain,  Germany,  in 
New  Spain,  where  it  is  in  the  form  of  large  crystals 
in  quartz,  and  also  in  South  Carolina.  Some  of 
the  ores  of  titanium  have  been  found  in  West- 
mania  in  Sweden,  in  a matrix  of  talc  and  quartz* 
mixed  with  tourmaline. 


7 SECT.  XIX. 

ORES  OF  URANIUM. 

Little  is  known  of  the  peculiar  characters  of 
uranium.  It  is  described  as  of  a deep  gray  co- 
lour, and  so  soft  that  it  may  be  cut  with  a knife ; 
sp.  gr.  does  not  exceed  6*4-  Uranium  is  soluble 
in  nitric  acid,  and  the  oxide  communicates  to 
glass  a deep  orange  colour.  This  metal  is  very 
difficult  to  reduce,  and  is  almost  infusible. 

Ores  of  Uranium. — The  ores  of  uranium  which 
have  hitherto  been  discovered,  are  always  in  the 
state  of  oxide. 

Pitchy  ore  of  uranium  is  found  massive,  dis- 
seminated, and  sometimes  cellular ; of  a velvet 
or  iron  black,  or  bluish  colour ; sometimes  steel 
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tarnished,  streak  black;  sp.  gr.  6*5  to  7*5  ; soluble 
in  nitric  acid,  but  infusible  before  the  blow-pipe. 
Constituent  parts  are,  uranium  slightly  oxidated 
86,  sulphuret  of  lead  6,  oxide  of  iron  2,  silica  5, 

Micaceous  uranite  exists  in  thin  layers,  and  is 
also  often  crystallized  in  rectangular  four-sided 
tables,  or  in  cubes.  The  crystals  are  small  and 
grouped  together;  the  colour  is  emerald,  or  grass 
green  of  various  shades;  sp.  gr.  3*12;  soluble  in 
nitric  acid,  and  communicates  a citron  yellow 
colour;  composed  of  oxide  of  uranium  with  a 
little  copper. 

Uranite  ochre  is  usually  disseminated  or  super- 
ficial, but  is  also  sometimes  found  massive ; co- 
lour citron  yellow,  or  aurora  red ; sp.  gr.  3*1  to 
3*2  ; composed  of  oxide  of  uranium,  with  a small 
portion  of  iron. 

Repositories , tfc.  of  the  Ores  of  Uranium . — The 
ores  of  uranium  have  been  found  only  in  pri- 
mitive rocks,  and  they  neither  exist  in  great 
abundance,  nor  are  they  very  generally  diffused 
over  the  globe. 

The  first  species,  or  the  pitchy  ore  of  uranium, 
is  met  with  in  small  masses  in  veins,  with  lead, 
copper,  and  silver,  at  Joachimsthal  in  Bohemia, 
and  also  in  Saxony.  The  other  species  are  also 
found  in  Saxony,  and  in  Wurtemberg,  along  with 
earthy  cobalt  ore.  The  pitchy  ore  exists  in  France, 
in  a vein  of  friable  granite,  and  it  has  been  met 
with  in  Cornwall  in  England,  along  with  arse- 
juate  of  copper* 
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SECT.  XX. 

ORES  OF  TELLURIUM. 

Tellurium  resembles  antimony  in  many  of  its 
characters.  It  is  of  a brilliant  white  colour,  of  a 
foliated  texture,  very  brittle,  and  very  fusible. 
In  cooling,  it  exhibits  on  the  surface  a radiated 
crystallization ; sp.  gr.  6*1 ; it  leaves  a black  trace 
on  paper.  It  burns  easily  with  a blue  flame ; 
the  oxide  is  white;  it  is  volatile,  and  emits  a pecu- 
liar odour,  which  resembles  that  of  radishes.  It 
is  precipitated  from  its  solutions  by  antimony. 

Ores  of  Tellurium . — Tellurium  exists  in  its  ores 
only  in  the  state  of  alloy. 

Native  tellurium  is  found  massive  or  disse- 
minated, having  a shining  metallic  appearance, 
and  foliated  fracture ; the  colour  is  between  tin 
and  silvery  white,  and  the  sp.  gr.  5*7  to  6T.  It 
melts  readily  before  the  blow-pipe.  Constituent 
parts  are,  tellurium  92*6,  iron  7*2,  gold  0*2.  This 
ore  has  been  called  aurum  paradoxum,  and  problem 
maticum , because  its  external  appearance  affords  no 
indication  of  its  containing  gold. 
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Graphic  ore  of  tellurium  is  found  massive,  or 
crystallized  in  flat  four  or  six  sided  prisms, 
which  are  arranged  in  rows,  and  exhibit  some- 
thing of  the  appearance  of  written  characters, 
from  which  it  derives  its  name ; colour  tin  white, 
yellowish,  or  lead  gray;  Sp.  gr.  5*7*;  before  the 
blow-pipe  it  burns  with  a greenish  flame.  Con- 
stituent parts  are,  tellurium  gold  30,  and  sil- 
ver 10. 

Yellow  ore  of  tellurium  is  also  found  dissemi- 
nated, or  crystallized  in  small  four-sided  prisms ; 
colour  a silvery  white,  yellowish,  or  gray ; sp.  gr. 
10*6 ; soluble  in  nitric  acid.  Constituent  parts, 
tellurium  45,  gold  26,  lead  19,  silver  8,  sulphur 
0*5. 

Black,  or  foliated  ore  of  tellurium,  exists  in 
plates  which  are  formed  in  masses,  or  dissemi- 
nated, and  rarely  crystallized  in  six-sided  tables; 
colour  between  lead  gray  and  iron  black  ; sp.  gr. 
8’9.  Before  the  blow-pipe  the  sulphur  and  tel- 
lurium are  dissipated  in  white  fumes,  and  a me- 
tallic globule,  surrounded  by  a black  slag,  re- 
mains. Constituent  parts  are,  tellurium  33,  lead 
50,  gold  8*5,  silver  and  copper  1,  sulphur  7*5. 


* The  sp.  gr.  here  stated  is  the  same  in  all  the  books 
which  I have  consulted ; but  from  the  great  proportion  of 
gold  in  the  ore,  it  is  undoubtedly  too  low. 
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Repositories , l$c.  of  Tellurium. — Excepting  some 
indications  of  native  tellurium,  which  have  been 
observed  at  Beresof  in  Siberia,  the  mines  of  Face- 
bay,  Offenbanya,  and  Nagyag,  in  Transylvania, 
are  the  only  places  which  have  hitherto  furnished 
ores  of  tellurium.  The  ore  called  native  tellurium 
k dug  out  at  Facebay,  for  the  purpose  of  extract- 
ing the  gold,  although  it  contains  but  a small  pro- 
portion. It  is  got  from  veins,  which  traverse  com- 
pact limestone,  and  a variety  of  gray  wacken 
breccia.  The  graphic  ore  of  tellurium  has  been 
found  only  at  Offenbanya,  forming  veins  with 
iron  pyrites,  blende,  and  gray  copper  ore,  which 
traverse  a mountain  composed  of  syenite,  por- 
phyry, and  limestone.  The  yellow  ore  is  met 
with  only  in  the  mines  of  Nagyag,  where  it  is 
treated  as  a gold  ore.  It  exists  in  the  same  matrix 
with  the  other  ores,  and  is  accompanied  by  the 
same  minerals,  and  also  by  the  rose-coloured  sili- 
ceous ore  of  manganese. 


SECT.  XXL 
ORES  OF  CHROMIUM. 

1 his  substance  is  almost  unknown  in  the  state  of 
pure  metal,  as  it  is  found  extremely  difficult  to 
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reduce  it,  and  it  is  almost  infusible.  It  crystal- 
lizes in  the  form  of  small  needles,  which  are  fas- 
cicular and  very  brittle ; but  chemists  are  more 
familiar  with  the  oxide  of  this  metal,  which  com- 
municates to  glass  a beautiful  green  colour,  that 
remains  unaltered  in  the  greatest  heat.  The 
oxide  also  assumes  a fine  orange  red  colour  with 
nitric  acid. 

Ores  of  Chromium. — This  metallic  substance  is  to 
be  considered  rather  as  in  combination  with  the 
ores  of  other  minerals,  than  as  constituting  a se- 
parate division  of  itself.  Two  ores  only  have  been 
described  as  peculiar  to  chromium. 

Needle  ore  is  found  in  small  crystals  imbedded 
in  quartz,  and  having  a shining  lustre ; colour 
steel  gray,  with  a greenish  efflorescence.  The 
constituent  parts  of  this  ore  have  not  been  pre- 
cisely determined,  but  it  is  supposed  to  be  an 
alloy  of  chromium  with  some  other  metal. 

Ochre  of  chromium  exists  massive,  disseminat- 
ed, or  in  thin  plates,  of  a verdigris  green,  or  yel- 
lowish colour.  This  is  probably  an  oxide. 

An  oxide  of  chromium  combined  with  an  oxide 
of  lead,  has  been  met  with  in  the  form  of  small 
needles,  or  in  powder  disseminated  on  the  matrix, 
and  even  on  the  crystals  of  chromate  of  lead.  This 
ore  is  of  a pure  green  colour,  which  it  communi- 
cates to  borax,  and  which  remains  unaltered  by 
heat.  It  gives  a red  orange  colour  to  nitric  acid. 
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The  chromates  of  iron  and  lead  have  been  al- 
ready described,  as  well  as  the  repository  of  the 
latter,  which  is  a clay,  or  sandstone,  resembling 
gneiss,  or  in  a matrix  of  quartz,  in  a lead  vein 
at  Beresof  in  Siberia.  The  chromate  of  iron  was 
first  discovered  near  Grassin,  in  the  department  of 
Var  in  France.  It  was  found  in  the  soil  of  the 
valley,  and  afterwards  in  its  native  repository, 
which  is  a serpentine  rock,  and  in  which  it  is 
sparingly  distributed  in  nodules.  It  has  been 
since  found  also  in  the  Uralian  mountains. 

Chromium  has  been  detected  in  the  state  of 
green  oxide  in  the  emerald,  in  smaragdite,  and 
in  some  varieties  of  serpentine,  and  in  small  pro- 
portion in  meteoric  stones.  In  the  state  of  acid 
it  exists  in  spinel  ruby,  and  also  in  combination 
with  lead  and  iron. 


SECT.  XXII. 

ORES  OF  COLUMB1UM, 

• r 

The  properties  of  this  metallic  substance  are 
only  known  in  the  state  of  oxide,  which  is  of  a 
white  colour,  and  acts  the  part  of  an  acid.  It . 
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combines  with  alkalies,  and  with  sulphuric  and 
muriatic  acids  when  heated.  It  is  precipitated 
from  its  acid  solutions,  of  an  olive  green  colour, 
by  prussiate  of  potash,  and  of  a deep  orange  by 
tincture  of  galls.  The  hydro-sulphuret  of  am- 
monia produces  a precipitate  of  a chocolate  brown 
colour  from  its  alkaline  solutions. 

The  only  ore  of  this  metal  yet  known  is  an 
oxide  of  columbium  and  iron ; and  indeed,  a 
single  specimen  only  of  the  ore  has  been  dis- 
covered. It  was  found  by  Mr  Hatchett  in  the 
collection  of  Sir  Hans  Sloane,  and  is  described 
as  being  brought  from  Massachussets  in  North 
America.  This  ore,  which  was  examined  and 
analysed  by  that  chemist,  has  some  resemblance 
to  chromate  of  iron.  It  is  of  a deep  gray  colour, 
has  a granulated  fracture  in  one  direction,  and 
slightly  foliated  in  the  other;  the  lustre  of  the 
fresh  fracture  is  shining;  sp.  gr.  5'Q.  Consti- 
tuent parts  are,  oxide  of  columbium  78,  oxide 
of  iron  21. 
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1 he  peculiar  properties  of  tantalium,  as  a pure 
metallic  substance*  are  unknown.  The  oxide  k 
white*  and  is  unaltered  by  heat,  gives  no  colour  to 
borax,  and  is  entirely  insoluble  in  acids,  but  it  is 
slightly  soluble  in  the  pure  fixed  alkalies. ; sp.  gr. 
of  this  oxide  is  (r5* 

Two  ores  of  this  metal  only  are  known.  Tan- 
talite  is  met  with  crystallized  in  octahedrons,  which 
have  a smooth  surface  and  a compact  fracture; 
colour  bluish  gray,  or  black ; sp.  gr,  7 *§ ; and  the 
constituent  parts  are  tantalium,  iron,  and  manga- 
nese. 

Yttrio-tantalite  exists  in  small  disseminated 
masses,  about  the  size  of  a nut ; is  of  a deep  gray 
metallic  colour;  may  be  scratched  with  a knife ; the 
powder  is  gray,  and  the  sp.  gr.  5'1,  This  mineral 
is  composed  of  iron,  manganese*  tantalium,  and 
the  new  earth  yttria. 

The  first  ore  of  this  metal  has  been  only  met 
with  in  Finland,  disseminated  in  globular  masses* 
in  a vein  composed  of  red  feldspar*  which  tra- 
verses a gneiss  mountain.  The  other  ore  is  found 
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deposited  in  the  same  vein  of  feldspar  which  con- 
tains the  mineral  called  gadolinite,  at  Ytterby  int 
Sweden. 


SECT.  XXIV. 

ORES  OF  CERIUM. 

Cerium  has  never  been  reduced  to  the  metallic 
state;  but  in  the  state  of  oxide  two  degrees  of  oxi- 
dation have  been  observed.  In  the  first,  the  oxide 
is  white*  and  dissolves  readily  in  acids ; the  solu- 
tion is  of  a rose-red  colour.  The  other  oxide  is 
red,  and  is  soluble  only  in  muriatic  acid,  giving 
out  during  the  solution  oxymuriatic  acid.  The 
solutions  of  this  oxide  are  reddish ; the  oxides  of 
cerium  are  insoluble  in  pure  alkalies ; the  acid 
solutions  are  precipitated  of  a white  colour  by  the 
prussiates,  and  by  all  the  alkalies,  and  of  a yellow 
colour  by  gallic  acid ; the  white  precipitates  be- 
come red  by  calcination.  Sulphurated  hydrogen 
throws  down  the  solutions  of  this  metal  in  the 

form  of  a white  precipitate,  but  does  not  afterwards 
combine  with  it. 

Cerite,  or  the  siliceous  oxide  of  cerium,  is  the 
only  ore  of  this  metal  yet  discovered.  It  is  found 
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massive  or  disseminated*  having  a weakly  glimmer- 
ing lustre,  and  a fine  grained  even  fracture ; the 
colour  is  pale  rose  red,  and  the  sp.  gr.  4*5  to  4-9. 
It  is  infusible  before  the  blow- pipe,  and  produces 
no  change  of  colour  in  borax.  Constituent  parts 
are,  oxide  of  cerium  54,  oxide  of  iron  4,  silica  34, 
water  and  carbonic  acid  5,  and  sometimes  a small 
portion  of  lime. 

The  only  repository  of  this  ore  is  the  copper 
mine  of  Bastnaes  at  Riddarhytta  in  Sweden,  where 
it  is  accompanied  by  copper,  molybdena,  bismuth, 
mica,  and  hornblende. 


CHAP.  V. 

OF  EARTHQUAKES  AND  VOLCANOES. 


The  preceding  chapters  have  been  occupied  in 
a brief  detail  of  the  constitution,  relative  position, 
and  connection  of  the  various  materials  of  which 
the  globe  of  the  earth  is  composed,  so  far  as  they 
have  been  subjected  to  the  limited  researches  of 
man.  Having  hitherto  contemplated  nature  in  a 
state  of  seeming  repose,  we  are  now  to  consider 
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some  of  those  changes  which  are  supposed  to  have 
taken  place  in  the  distribution  and  arrangement 
of  the  materials  of  the  earth,  or  the  theories  which 
have  been  proposed  to  account  for  those  changes ; 
but  as  earthquakes  and  volcano, es  present  too  pro- 
minent and  too  striking  features  in  the  history  of 
the  earth  to  be  passed  over  entirely  unnoticed,  I 
propose,  1.  To  take  a comprehensive  view  of  those 
sudden  changes  which  are  exhibited  in  the  de- 
vastation and  ruin  which  accompany  the  earth- 
quake and  the  volcano ; — changes,  of  which  the 
very  contemplation  is  impressive  and  awful,  but 
the  desolating  effects  are  dreadful  and  terrible. 

Many  of  the  phenomena  of  earthquakes  and 
volcanoes  are  common  to  both.  Earthquakes  not 
unfrequently  precede,  and  sometimes  accompany 
volcanic  eruptions  ; but,  on  the  other  hand,  earth- 
quakes have  often  existed,  and  their  terrible  ef- 
fects have  been  severely  and  extensively  felt, 
where  no  volcano  was  ever  known. 


SECT.  I. 

OF  earthquakes. 

A lthough  earthquakes  have  been  felt  in  most 
countries  of  the  world,  yet  there  are  particular 
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spots  which  are  peculiarly  subject  to  this  dreadful 
calamity ; and  this  seems  to  be  independent  of 
local  circumstances,  or  particular  regions  of  the 
globe.  It  has  been  observed,  that  earthquakes  are 
more  frequent  within  the  tropics.  There  are, 
however,  places  within  the  torrid  zone,  which  are 
more  rarely  visited  by  earthquakes  than  some  of 
the  more  temperate  regions  of  the  earth.  The 
islands  of  the  West  Indies,  and  some  parts  of  the 
American  continent  which  lie  between  the  tro- 
pics, have  more  frequently  experienced  the  effects 
of  earthquakes  than  most  other  regions ; but  the 
northern  shores  of  the  Mediterranean,  the  king- 
dom of  Portugal,  and  some  other  places  without 
the  tropics,  have  oftener  exhibited  scenes  of  deso- 
lation by  the  visitation  of  earthquakes,  than  many 
of  the  islands  and  extensive  continents  within  the 
torrid  zone.  Thus  it  appears  that  earthquakes  are 
not  limited  to  particular  regions;  and  neither  proxi- 
mity of  place  to  the  equator,  or  to  the  poles  of  the 
earth ; neither  insular  situation,  nor  extent  of  con- 
tinent,— affords  security  or  exemption  from  their 
terrible  effects.  But  at  the  same  time  it  must  be  ob- 
served, that  particular  islands,  and  particular  parts 
of  continents,  are  peculiarly  subject  to  earthquakes. 
No  island  in  the  West  Indies  has  more  frequently 
experienced  their  dreadful  effects  than  the  island 
of  Jamaica.  Scarcely  a year  passes  without  several 
shocks  being  felt.  Mexico  and  Peru  are  oftener 
the  scene  of  earthquakes  than  the  other  regions 
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of  the  American  continent;  and  Portugal  has  been 
often  shaken  to  its  very  foundations  by  terrible 
earthquakes,  while  Spain,  immediately  contigu- 
ous, is  almost  exempted  from  their  effects.  Earth- 
quakes, it  has  been  observed,  have  proved  less 
destructive  in  Italy  than  in  Sicily,  which  are  in 
the  immediate  vicinity  of  each  other,  and  are  both 
volcanic  countries. 

It  is  scarcely  to  be  expected,  that  observations 
on  phenomena  so  awful  and  terrible  can  be  very 
numerous  or  precise.  The  operation  of  the  causes 
by  which  they  are  produced,  is  too  rapid  and  vio- 
lent, and  the  effects  are  too  sudden  and  unexpect- 
ed, to  become  the  subject  of  accurate  or  attentive 
philosophical  investigation  ; or  perhaps  it  might 
be  at  once  acknowledged,  that  they  exceed  the 
comprehension  of  the  powers  of  man. 

Earthquakes  are  more  frequent  in  volcanic 
countries  than  in  any  others.  When  a volcano 
has  ceased  to  emit  flame  and  smoke  for  any  long 
period,  shocks  of  earthquakes  begin  to  be  dreaded. 
An  earthquake  is  often  the  forerunner  of  an  erup- 
tion, and  the  first  warning  of  its  approach.  This 
has  been  generally  the  case  with  the  principal  vol- 
canoes of  the  w’orld,  whose  history  is  recorded. 
Earthquakes  are  often  preceded  by  long  droughts; 
but  the  earthquake  does  not  immediately  happen 
on  the  cessation  of  the  drought,  or  the  fall  of  rain. 
Electrical  phenomena  are  not  uncommon  in  the 
air,  before  the  approach  of  an  earthquake.  The 
Vol.  II.  L 1 
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aurora  borealis  is  frequent  and  brilliant,  and  bright 
meteors  are  often  seen  darting  from  one  region 
of  the  heavens  to  another,  or  from  the  atmosphere 
to  the  earth.  Before  the  shock  of  an  earthquake, 
the  waters  of  the  ocean  appear  to  be  unusually 
agitated,  without  the  effect  of  wind,  or  any  other 
perceptible  cause.  Fountains  and  springs  are  also 
greatly  disturbed,  and  become  muddy.  The  air, 
at  the  time  of  the  shock  of  an  earthquake,  has  been 
often  observed  to  be  remarkably  calm  and  serene, 
but  it  becomes  afterwards  dark  and  cloudy. 

The  noise  which  accompanies  the  shock  of  an 
earthquake,  has  been  compared  to  that  of  a num- 
ber of  carriages  driving  with  great  rapidity  along 
the  pavement  of  a street;  to  that  of  the  rushing 
of  wind,  and  the  explosions  of  artillery.  The 
duration  of  the  shock  of  an  earthquake  seldom 
exceeds  a minute,  and  perhaps  few  continue  even 
so  long ; but  the  shocks  are  sometimes  repeated 
in  rapid  succession ; and  from  the  effect  on  the 
senses,  and  the  dread  and  alarm  thus  excited, 
their  duration  is  supposed  to  be  much  longer  than 
it  really  is. 

Earthquakes  produce  various  effects  on  the  sur- 
face of  the  earth,  sometimes  instantaneously  heav- 
ing it  up  in  a perpendicular  direction,  and  some- 
times communicating  a kind  of  undulating  or  roll- 
ing motion  from  side  to  side.  The  shock  some- 
times commences  with  the  perpendicular  motion, 
and  terminates  with  the  other.  Great  openings, 


OF  EARTHQUAKES^  53l 

or  fissures,  are  made  in  the  earth,  from  which  vast 
quantities  of  water,  and  sometimes  smoke  and 
flame,  are  ejected ; and  even  where  no  chasm  or 
fissure  is  produced,  flame  and  smoke  are  often 
seen  exuding  from  the  surface.  The  effects  of 
an  earthquake  on  the  ocean,  are  not  less  powerful 
than  those  on  the  land.  The  sea  swells  up  to  a 
great  height ; the  waters  seem  to  be  entirely  se- 
parated; and  from  the  place  of  separation  cur- 
rents of  air,  smoke,  and  flame,  are  discharged. 
Similar  effects  are  produced  on  lakes,  ponds,  and 
rivers.  Places  covered  with  water  are  converted 
into  dry  land,  and  dry  land  becomes  an  extensive 
lake,  by  the  shock  of  an  earthquake. 

The  effects  of  earthquakes  are  often  very  exten- 
sive, proceeding  in  different  directions  from  the 
principal  scene  of  desolation  to  very  distant  re- 
gions ; but  the  most  terrible  earthquake  that  has 
yet  visited  the  earth,  has  not  been  felt  over  its 
whole  surface.  The  existence  of  an  earthquake, 
it  has  been  observed,  is  much  more  extensively 
indicated  by  water  than  by  land ; for  where  its 
effects  have  been  imperceptible  on  dry  land,  the 
agitation  produced  in  the  waters  of  the  ocean,  of 
lakes  and  rivers,  has  been  often  communicated  to 
a great  distance.  But  the  phenomena  accompany- 
ing an  earthquake  will  be  better  understood,  by 
briefly  detailing  the  history  of  particular  earth- 
quakes* in  the  account  of  which  it  will  be  found 
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that  most  of  the  appearances  and  effects  now 
enumerated  were  observed. 

The  earthquake  which  happened  in  Calabria  in 
1638,  took  place  soon  after  violent  eruptions  of  the 
volcanoes  in  that  vicinity.  Five  years  before,  there 
had  been  an  eruption  of  Mount  Vesuvius,  and  two 
years  only  had  elapsed  from  the  time  that  a simi- 
lar event  had  befallen  iEtna  ; and  indeed  the  lat- 
ter mountain,  at  the  very  time  of  the  earthquake, 
threw  out  a great  body  of  smoke,  which  seemed 
to  cover  the  whole  island,  and  entirely  conceal 
the  shores  from  view7.  Immediately  before  the 
shock,  the  air  over  the  sea  was  calm  and  serene, 
and  the  surface  of  the  water  was  perfectly  smooth. 
Without  any  visible  cause,  it  began  to  be  slightly 
agitated,  in  the  same  manner  as  the  surface  of  the 
w’ater  in  a heavy  shower  of  rain.  To  this  suc- 
ceeded a dreadful  noise,  like  the  rattling  of  cha- 
riots, which  increasing  in  frequency  and  intensity, 
was  followed  by  a terrible  shock,  by  which  the 
earth  was  heaved  up,  or  rolled  in  the  form  of 
weaves.  When  the  noise  commenced,  previous  to 
the  violence  of  the  shock,  a strong  and  offensive 
smell  of  sulphureous  vapours  arose.  By  this 
earthquake,  many  castles,  villages,  and  towns, 
with  all  their  inhabitants,  were  swallowed  up. 
Among  others,  the  city  of  Euphemia  entirely  dis- 
appeared. For  some  time  after  the  dreadful  ca- 
tastrophe, a thick  black  cloud  seemed  to  rest  on 
the  place,  while  the  sky  all  around  w7a-s  clear  and 
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serene.  When  the  cloud  passed  away,  nothing 
remained  on  the  spot  where  the  city  formerly 
stood,  but  a dismal  and  putrid  lake. 

The  earthquake  which  visited  Sicily  in  1693, 
not  only  shook  the  whole  island,  but  extended  to 
Naples  and  Malta.  The  city  of  Catania  was  de- 
stroyed by  this  earthquake.  Previous  to  the  shock, 
a black  cloud  was  seen  hovering  over  it,  and  the 
sea  appeared  in  violent  agitation.  The  shocks 
then  succeeded  like  the  discharge  of  artillery,  and 
the  motion  of  the  earth  became  so  violent,  that 
even  those  who  lay  on  the  ground  were  tossed 
from  side  to  side,  as  on  a rolling  billow ; almost 
every  building  in  the  countries  which  it  visited, 
was  thrown  down  ; 54  cities  and  towns,  beside 
many  villages,  were  either  greatly  injured,  or 
totally  destroyed.  Among  these  was  the  city  of 
Catania,  of  which,  after  the  thick  cloud  that  re- 
mained after  the  earthquake,  was  dissipated,  no 
remains  could  be  seen ; and  of  nearly  19,000  in- 
habitants, 18,000  at  least  perished  by  this  dread- 
ful calamity. 

The  earthquake  which  happened  in  Jamaica  in 
IG92,  also  affords  us  an  example  of  almost  the 
"hole  of  the  phenomena  already  enumerated. 
On  fne  7th  of  June  in  that  year,  the  town  of  Port 
Royal,  then  the  capital  of  the  island,  # was  in  two 
minutes  totally  destroyed  by  an  earthquake.  A 
hollow  rattling  noise  preceded  the  shock,  after 
*Ahiph  the  streets  were  heaved  up  like  waves 


OF  EARTHQUAKES, 


534 

of  the  ocean,  and  then  instantly  thrown  down 
into  deep  pits.  The  wells  discharged  their 
waters,  the  sea  burst  its  bounds,  and  the  fissures 
produced  in  the  earth  were  so  great,  that  one  of 
the  streets  seemed  twice  as  broad  as  formerly, 
Many  of  these  openings  were  seen  at  once,  and 
in  some  of  them  the  houses,  inhabitants,  and 
every  thing  that  was  near,  were  swallowed  up. 
Some  persons  were  carried  down  in  one  of  these 
chasms,  and  what  must  appear  extraordinary  and 
almost  incredible,  were  thrown  up  alive  from  an- 
other. From  some  of  the  fissures  an  immense  body 
of  water  was  projected  to  a great  height  into  toe 
air;  the  most  offensive  smells  now  succeeded,  and 
nothing  was  heard  but  the  distant  noise  of  tailing 
mountains  ; and  the  sky,  which  before  the  shock 
was  still  and  serene,  exhibited  a dull  red  colour. 

The  effects  of  this  earthquake  were  severely 
felt  through  the  whole  island  ; the  wells  in  al- 
most every  part  of  it  were  either  greatly  agitated, 
or  threw  out  their  water  with  much  violence. 
The  current  of  the  rivers  was  either  interrupted, 
or  ceased  to  flow  for  many  hours,  and  some  form- 
ed to  themselves  new  channels.  It  was  observed 
that  the  shock  was  most  severely  felt  in  the  im- 
mediate vicinity  of  the  mountains.  Can  it  be 
supposed  that  this  arose  from  the  greater  pressure 
and  greater  resistance,  or  was  it  because  the  force 
which  produced  these  terrible  effects,  operated 
with  greater  intensity  near  them?  During  the 
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period  of  two  months  after  the  earthquake  which 
destroyed  the  town,  repeated  shocks  were  felt, 
which  were  so  frequent,  that  two  or  three  some- 
times happened  in  the  course  of  an  hour.  They 
were  still  accompanied  with  a rattling  noise  resem- 
bling thunder,  or  the  rushing  of  a current  of  air  in 
rapid  motion.  These  shocks  were  also  attend- 
ed with  what  are  denominated  brimstone  blasts, 
which  are  probably  sulphureous  vapours  issuing 
from  the  earth.  The  atmosphere,  indeed,  for 
some  time,  was  loaded  with  noisome  vapours,  for 
a general  sickness  succeeded,  which  in  a short 
period  carried  off  not  fewer  than  3000  persons. 

But  the  earthquake  which  happened  at  Lisbon 
in  the  year  1755,  far  exceeded  all  others  whose 
history  is  recorded,  in  the  extent  of  its  effects. 
Several  shocks  of  earthquakes  were  felt  in  1750, 
and  the  four  succeeding  years  were  remarkable 
for  excessive  drought.  Springs  which  formerly 
yielded  abundance  of  water,  were  totally  dried 
up,  and  the  prevailing  winds  were  from  the  north 
and  north-east.  During  this  period  also  slight 
tremors  of  the  earth  were  frequent.  In  1755,  the 
seasons  were  unusually  wet,  and  the  summers  con- 
sequently proved  uncommonly  cold ; but  for  40 
days  before  the  earthquake,  the  sky  became  more 
clear  and  serene.  On  the  last  day  of  October,  the 
face  of  the  sun  was  greatly  obscured,  and  a ge- 
neral gloom  overspread  the  atmosphere.  In  the 
morning  of  the  1st  of  November,  a thick  fog 
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arose,  but  it  was  soon  dissipated  by  the  heat  of 
the  sun.  The  heat  of  the  weather  was  equal  to 
that  of  June  or  July  in  Britain ; not  a breath  oi 
wind  was  stirring,  the  sea  was  perfectly  calm  and 
smooth-  At  35  minutes  after  9 in  the  morning, 
without  any  previous  warning,  except  the  rattling 
noise  which  resembled  that  of  distant  thunder,  the 
earthquake  came  on  with  short  quick  vibrations, 
which  shook  the  city  to  its  foundations.  By  the 
effects  of  this  shock,  many  houses  instantly  fell. 
A pause,  which  was  just  perceptible,  then  suc- 
ceeded, and  the  motion  changed.  The  houses 
were  tossed  from  side  to  side,  like  the  jolting  mo- 
tion of  a waggon  driven  rapidly  over  1 ugged 
stones.  By  this  second  shock  great  part  of  the 
city  was  thrown  down,  and  great  numbers  of  the 
inhabitants  were  buried  in  the  ruins.  The  whole 
duration  of  the  earthquake  did  not  exceed  six 
minutes.  The  bed  of  the  river  was  in  many  places 
raised  to  the  very  surface  of  the  water ; ships  were 
driven  from  their  moorings,  and  were  tossed  about 
with  such  violence,  that  the  persons  on  board  did 
not  for  some  time  know  whether  they  were  afloat 
or  a ground.  A large  pier  with  many  hundreds 
of  people  upon  it,  sunk  to  an  unknown  depth, 
and  not  one  of  the  dead  bodies  was  ever  found. 
The  bar  of  the  river  was  at  one  time  seen  dry 
from  side  to  side,  but  suddenly  the  sea  rolled  in 
like  a mountain,  and  in  one  part  of  the  river  the 
water  rose  instantaneously  to  the  prodigious  height 
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of  50  feet.  Another  shock  happened  about  noon, 
and  the  walls  of  some  remaining  houses  were  seen 
to  open  fiom  top  to  bottom,  near  a foot  wide,  and 
were  afterwards  nstantly  closed,  so  that  scarcely 
any  mark  of  the  injury  could  be  perceived. 

-But  the  most  singular  circumstance  in  the  his- 
tory of  this  earthquake,  is  the  prodigious  extent  to 
which  its  effects  reached.  At  Colares,  a place  20 
mileb  from  Lisbon,  and  2 miles  from  the  sea,  the 


an*  was  uncommonly  warm  on  the  day  preceding 
the  earthquake.  At  4 in  the  afternoon  a fog  arose, 
which  was  an  unusual  occurrence  at  that  season; 
it  proceeded  from  the  sea,  and  covered  the  valleys! 
The  wind  soon  after  shifted ; the  fog  was  again 
earned  to  the  sea,  and  collecting  over  its  surface, 
became  thick  and  dark ; and  as  the  fog  was  dis- 
sipated, the  sea  was  thrown  into  violent  agitation, 
with  great  noise.  At  the  dawn  of  day,  on  the  1st 
of  November,  the  face  of  the  sky  was  fair  and 
clear;  but  about  9 o’clock  the  sun  was  overcloud- 
ed, and  became  dim.  About  half  an  hour  after 
the  rattling  noise  was  heard,  and  increased  to  such 
a degree,  that  it  resembled  the  noise  occasioned  by 
t ie  discharge  of  the  largest  artillery.  The  shock 
ot  an  earthquake  was  then  felt,  and  was  quickly 
succeeded  by  a second  and  a third.  In  these 
s ocks  it  was  observed  that  the  walls  of  buildings 
moved  from  east  to  west;  flames  having  the  an-  . 

PTharet  m UminS  CharC°al’  and  acc°nipanied 
With  thick  black  smoke,  were  seen  issuing  from 
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some  of  the  mountains.  The  smoke  from  one 
mountain  was  attended  with  noise,  which  increas- 
ed with  the  quantity  of  smoke;  but  when  the 
place  from  which  the  smoke  arose  was  afterwards 
examined,  no  signs  of  fire  could  be  seen.  At  Opor- 
to, near  the  mouth  of  the  Douro,  the  earthquake 
came  on  at  40  minutes  past  9.  The  sky  was 
quite  serene,  when  the  hollow  rattling  noise  which 
preceded  it  was  heard.  In  the  space  of  a minute 
or  two  the  river  rose  and  fell  five  or  six  feet,  and 
continued  the  same  motion  for  four  hours,  duung 
which  time  the  bed  of  the  river  in  some  places 
seemed  to  open,  and  to  discharge  great  quantities 
of  air.  St  Ubes,  a seaport  town  20  miles  south  of 
Lisbon,  was  entirely  swallowed  up  by  the  repeated 
shocks  of  this  earthquake.  Even  large  masses  of 
reck  were  detached  from  a promontory,  which 
terminates  a chain  of  mountains  of  hard  stone  at 

the  extremitv  ot  the  town. 

Almost  every  part  of  Spain  experienced  the 

effects  of  the  same  earthquake.  In  the  oay  ot  Cadiz 
it  was  not  felt  till  a little  before  10  o’clock.  About 
10  minutes  after  11,  a huge  wave,  not  less  than 
60  feet  high,  was  seen  at  the  distance  ot  8 mi  es 
approaching  the  shore,  and  bursting  upon  the  city 
The  water  returned  with  the  same  violence  with 
which  it  approached,  and  places  which  were  deep 
at  low  water  were  left  quite  dry.  The  earthquake 
nen-an  at  Gibraltar  a little  after  10  o’clock,  with  a 
i remulous  motion  of  the  earth,  which  continued 
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for  about  half  a minute.  This  was  succeeded 
by  a violent  shock ; the  tremulous  motion  then 
returned,  continued  for  five  or  six  seconds, 
and  was  followed  by  a second  shock,  but  less 
violent  than  the  first.  Many  people  were  seized 
with  sickness  and  giddiness,  and  fell  down  ; the 
sea  had  also  an  extraordinary  flux  and  reflux.  The 
shock  was  felt  at  Madrid  nearly  about  the  same 
time  as  at  Gibraltar,  and  the  same  sickness  and 
giddiness  prevailed.  Many  other  places  in  Spain 
experienced  similar  effects. 

T.  he  effects  of  this  earthquake  were  not  less  se- 
veiely  felt  in  Africa  than  in  JEurope.  About  10 
in  the  morning,  great  part  of  the  city  of  Algiers 
was  thrown  down.  At  Fez,  and  Mequinez,  many 
houses  were  also  destroyed,  and  many  of  the  in- 
habitants were  buried  in  the  ruins.  Many  per- 
sons lost  their  lives  at  Morocco  by  the  falling  of 
houses  ; and,  eight  leagues  from  the  city,  the  earth 
opened  and  swallowed  up  a village  and  all  its  in- 
habitants, to  the  number  of  8000  or  10,000,  with 
ah  their  cattle.  The  earth  soon  after  closed,  and 
they  were  seen  no  more.  Sallee  and  Tangiers 
also  suffered  greatly  by  an  inundation  of  the  sea  ; 
and  when  the  waters  retired,  a great  quantity  of 
fish  was  left  behind.  The  effects  of  the  earth- 
quake were  also  felt  in  other  places  along  the 
Ahican  shore  of  the  Mediterranean. 

At  38  minutes  past  g,  the  town  of  Funchal  in 
Madena  experienced  the  first  shock  of  this  earth- 
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quake,  and  near  12  o’clock  the  sea  suddenly  rose 
with  a great  swell,  and  overflowed  the  shore.  In 
the  island  of  Antigua  in  the  West  Indies,  the  sea 
rose  to  a greater  height  than  had  been  before 
known,  and  afterwards  the  water,  which  was  six 
feet  deep,  was  not  more  than  two  inches.  About 
two  in  the  afternoon,  the  sea  ebbed  and  flowed 
unusually  at  Barbndoes,  overflowed  the  wharts, 
rushed  into  the  streets,  and  this  flux  and  reflux 
continued  during  the  whole  of  the  day. 

Distinct  shocks  were  felt  in  various  parts  of 
France,  particularly  at  Bayonne,  Bourdeaux,  and 
Lyons.  These  shocks,  in  some  places,  were  ac- 
companied with  subterraneous  noises ; the  waters 
were  greatly  agitated,  and  many  of  the  springs 
disappeared  and  continued  dry  for  some  time. 
At  one  place,  a torrent  of  water,  mixed  with  red 
sand,  issued  from  an  opening  in  the  earth.  The 
sea  round  Corsica  was  thrown  into  great  agitation ; 
many  of  the  rivers  of  the  island  overflowed  their 
banks.  The  earthquake  was  sensibly  felt  at  Milan 
in  Italy,  and  Turin  experienced  a smart  shock. 
The  waters  and  rivers  of  Germany  were  also  greatly 
agitated;  the  lakes  ebbed  and  flowed;  noises  were 
heard ; and  from  some  of  the  waters  that  were 
agitated,  the  most  offensive  smells  were  emitted. 
Some  of  the  rivers  of  Switzerland  became  all  at 
once  muddy,  without  any  previous  fall  of  rain ; 
a lake  rose  suddenly  to  the  height  of  two  feet 
above  its  usual  level,  and  continued  for  a few 
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hours  at  that  height;  and  the  waters  of  other 
lakes  were  also  thrown  into  great  commotion. 

The  waters  in  Holland  were  also  greatly  affected 
by  this  earthquake.  The  Rhine  was  so  agitated,  that 
iaige  vessels  parted  from  their  cables,  and  smaller 
ones  were  thrown  ashore.  This  happened  in  the 
afternoon;  but  at  Amsterdam,  about  11  in  the 
forenoon,  the  waters  of  the  cahals  were  thrown 
into  great  agitation,  and  between  JO  and  11,  si- 
milai  effects  were  observed  in  some  of  the  canals 
at  Leyden.  Sweden  and  Norway  also  experienced 
the  effects  of  this  earthquake,  not  only  in  the 
commotion  of  the  waters  in  rivers  and  lakes,  but 
also  in  shocks  of  the  earth,  which  in  several  of  the 
provinces  of  Sweden  were  quite  perceptible.  Se- 
veral smart  shocks  were  felt  at  Fahiun,  a town  in 
the  province  of  Dalecarlia. 

1 he  agitation  of  the  waters  was  very  perceptible 
in  many  places  of  England  on  the  day  of  this 
earthquake.  At  Eton  bridge  in  Kent,  during  a 
dead  calm,  a pond  of  an  acre  in  extent  was  seen 
to  open  in  the  middle,  while  the  water  dashed 
over  a perpendicular  bank  of  two  feet  high.  This 
motion  was  accompanied  with  a great  noise.  Be- 
tween 10  and  11  o clock  in  the  forenoon,  while  a 
horse  was  drinking  from  a pond  at  Cobham  in 
Suny,  the  waters  retired  from  his  mouth,  and  left 
the  bottom  of  the  pond  dry.  It  then  returned 
with  great  violence,  and  when  it  retired,  its  pro- 
gress was  southward.  Similar  effects  were  ob~ 
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.served  in  Suffolk;  and  in  Berkshire  a tremulous 
motion  of  the  earth  was  felt,  accompanied  by  a 
commotion  of  the  waters.  At  half  after  10  of  the 
same  day,  a sudden  rushing  noise*  which  seemed 
to  proceed  from  a pond,  was  perceived  near  Dur- 
ham ; the  water  rose  and  fell  four  or  five  times 
in  a minute  for  the  space  of  six  or  seven  minutes. 
No  small  degree  of  alarm  was  excited  in  Derby- 
shire by  this  earthquake ; a sudden  and  terrible 
noise  was  heard,  accompanied  by  a swell  of  water 
proceeding  from  the  south;  about  11  o’clock  a 
shock  was  felt  in  the  Peak,  by  which  pieces  of 
plaster  were  broken  off  from  the  sides  of  a room. 
The  shock,  as  described  by  some  miners  who 
were  at  work,  was  so  violent  as  to  make  the  recks 
grind  upon  one  another.  The  water  in  a moat 
round  a castle  in  Oxfordshire,  exhibited  a veiy 
unusual  appearance  about  10  o’clock  in  the  morn- 
ing of  the  same  day.  A thick  fog  prevailed ; the 
air  was  quite  calm,  and  the  surface  of  the  water 
quite  smooth.  At  one  corner  of  the  moat,  the 
flux  and  reflux  of  the  water  continued  for  some 
time  quite  regular  and  uniform;  but  at  another 
corner,  not  more  than  25  yards  distant,  no  motion 
could  'be  perceived.  At  three  quarters  after  six 
in  the  evening  of  the  same  day,  and  about  the 
time  of  two  hours  ebb  of  the  tide,  a great  body  of 
water  rushed  up  in  Glamorganshire,  accompanied 
with  great  noise,  and  in  such  quantity,  that  it 
floated  two  vessels  of  200  tons  burden  each.  It 
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must  appear  somewhat  singular,  that  the  effects  of 
the  earthquake  should  be  felt  at  this  place  so  much 
later  than  the  time  that  its  effects  were  observed  in 
other  parts  of  the  island. 

It  is  not  less  singular  that  the  effects  of  this 
earthquake  were  felt  in  Scotland  nearly  about  the 
time  that  it  happened  at  Lisbon;  for,  about  half 
an  hour  after  nine  in  the  morning,  the  waters  o£ 
Loch  Lomond  were  greatly  agitated,  and  about 
the  same  time  the  waters  of  Loch  Ness  exhibited 
the  same  phenomenon.  In  both  places  the  com- 
motion continued  till  11  o’clock. 

The  effects  of  the  earthquake  were  not  observed 
till  between  two  and  three  o’clock  in  the  after- 
noon, at  Kinsale  in  Ireland.  At  that  time  it  was 
perfectly  calm,  the  tide  was  nearly  full,  and  a 
great  body  of  water  burst  with  such  violence  into 
the  harbour,  that  it  drove  two  vessels  from  their 
moorings.  The  current  of  the  water  rushed  ra- 
pidly along  one  side  of  the  harbour,  and  ran 
down  with  the  same  force  along  the  other.  The 
agitation  of  the  water  extended  several  miles  up 
the  river,  and  was  most  perceptible  in  shallow 
places.  In  the  evening  the  water  rose  again,  but 
with  less  violence,  and  continued  to  ebb  and  flow 
till  three  in  the  morning.  The  waters,  too,  during 
this  commotion,  became  thick  and  muddy,  and 
emitted  at  the  same  time  a very  offensive  smelL 

I be  agitation  was  accompanied  with  a hollow 
noise/ 
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The  effects  of  this  earthquake  were  also  severely 
i el t at  sea.  Some  vessels  at  a great  distance  from 
the  principal  scene  of  destruction,  received  so  vio- 
lent a shock,  that  it  was  supposed  they  had  struck 
the  ground.  In  one  place  of  the  Atlantic  ocean, 
the  craggy  points  of  rocks  appeared  throwing  up 
water  of  various  colours,  and  seemingly  resembling- 
lire  ; at  the  same  time  a black  cloud  was  seen  to 
arise  heavily  in  the  atmosphere.  In  another  part 
of  the  ocean,  where  it  was  supposed,  from  the  vio- 
lence of  the  shock,  that  the  ship  had  struck  a 
rock,  on  heaving  the  lead  a great  depth  of  water 
was  found.  The  line  was  ot  a yellow  colour,  and 
gave  out  the  smell  of  sulphur. 

Very  remarkable  effects  were  produced  on 
springs  by  this  earthquake.  1 he  waters  ol  some 
springs  were  observed  to  be  greatly  diminished, 
the  day  before  the  earthquake.  This  was  the 
case  with  a fountain  at  Colares.  On  the  morn- 
ing of  the  1st  of  November  it  became  thick  and 
muddy,  but  afterwards  recovered  its  usual  quan- 
tity and  limpidity.  In  some  places  where  there 
was  formerly  no  water,  springs  appeared  and  be- 
came perennial;  all  the  fountains  at  Tangier 
were  dried  up  during  the  whole  of  the  day  ot 
the  earthquake  ; a hot  mineral  spring  near  a vil- 
lage in  Bohemia  became  first  thick  and  muddy, 
then  ceased  to  flow  for  about  a minute,  and  at 
last  burst  out  with  great  violence.  It  became 
afterwards  limpid,  and  flowed  as  formerly,  but 
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yielded  a larger  quantity  of  water  of  a higner 
temperature. 

Britain  has  scarcely  ever  experienced  any  se- 
vere effects  from  the  shock  of  earthquakes ; but 
it  has  not  entirely  escaped  from  the  alarms  occa- 
sioned by  these  convulsions  of  nature.  An  earth- 
quake visited  London  in  March  1749>  and  was 
felt  in  a circuit  of  30  miles  diameter.  The  shocks 


of  earthquakes  were  also  felt  in  England  in  the 
following  year.  From  the  year  1789,  for  a 
period  of  more  than  10  years,  Comrie,  and  the 
places  in  its  vicinity  in  Perthshire,  have  been  fre- 
quently visited  with  shocks  of  earthquakes  of  va- 
rious degrees  of  violence.  One,  which  took  place 
on  the  5th  of  November  178f)»  excited  very  con- 
siderable alarm.  It  happened  a few  minutes  be- 
fore six  o’clock  in  the  evening.  The  noise  which 
accompanied  it,  is  described  by  some  as  resem- 
bling that  of  heavy  loaded  waggons,  draggedwith 
gieat  velocity  along  a hard  road  or  pavement.  To 
otheis  it  appeared  that  some  enormous  weight  had 
fallen  from  the  roof  of  the  house,  and  rolled  with 
impetuosity  along  the  doors  of  the  rooms  above. 
The  wateis  of  a lake  in  the  neighbourhood,  it  is 
supposed,  were  thrown  into  commotion,  for  the 
Wild  fowl  then  upon  it  were  heard  to  scream  and 
flutter  violently.  The  domestic  animals  were  also 
greatly  alarmed,  and  contributed  not  a little,  by 
howling  and  screaming,  to  increase  the  terrors  of 
the  inhabitants.  The  general  sensation  which  wa9 
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experienced,  was  that  of  the  slates  and  stones  tum- 
bling from  the  houses ; in  consequence  of  which, 
from  the  impression  that  the  roofs  were  falling  in, 
many  persons  ran  out  in  great  trepidation.  The 
centre  of  these  earthquakes  was  at  the  village  of 
Connie,  and  the  concussion  seems  to  have  been 
limited  to  a space  extending  from  east  to  west 
about  22  miles  in  length,  by  little  more  than  5 in 
breadth.  The  direction  of  the  noise  and  of  the 
concussion  appears  to  have  been  nearly  in  the 
same  line  from  north-west  to  south-east ; but  ac- 
cording to  others,  they  sometimes  proceeded  in 
that  direction,  and  sometimes  from  north-east  to 
south-west. 

Many  speculations  have  been  indulged  by  phi- 
losophers, to  account  for  these  terrible  convulsions, 
which  spread  ruin  and  desolation  in  some  of  the 
fairest  portions  of  the  earth.  According  to  some 
of  the  ancient  philosophers,  there  are  subterrane- 
ous clouds  in  the  internal  cavities  of  the  earth, 
which,  bursting  into  lightning,  shake  and  demolish 
the  vaults  which  contain  them.  Others  supposed 
that  the  cause  of  earthquakes  was  the  falling  in 
of  immense  arched  roofs,  which  confined  the  sub- 
terraneous fires ; some  ascribed  these  phenomena 
to  the  vapour  of  water,  greatly  rarefied  by  means 
of  internal  fires ; and  others  accounted  for  their 
effects,  by  the  explosion  of  certain  inflammable 
substances  which  are  exhaled  from  the  internal 
cavities  of  the  earth.  Some  modern  philosophers 
suppose  also  the  existence  of  such  cavities,  some 
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“Of  which  contain  water,  and  others  are  filled  with 
vapours  of  different  inflammable  substances  ; and 
these  combustible  materials  being  kindled  by 
some  subterraneous  spark,  or  actual  flame  pro- 
ceeding through  narrow  fissures  from  without,  or 
by  the  heat  evolved  during  the  chemical  changes 
of  different  substances,  produce  the  concussions  of 
earthquakes  on  the  surface  of  the  earth.  Accord- 
ing to  the  hypothesis  of  Dr  Woodward,  water  is 
continually  raised  in  the  state  of  vapour,  by  means 
of  subterraneous  heat,  from  the  abyss  which  he 
supposes  occupies  the  centre  of  the  earth,  to  fur- 
nish rain  and  dew.  When  obstructions  take  place 
in  this  process,  a swelling  and  commotion  are  oc- 
casioned ; and  this  force  being  exerted  against  the 
incumbent  strata,  produce  the  agitation  and  con- 
cussion of  earthquakes.  M.  Amontons  supposes, 
that  beyond  the  depth  of  about  TVth  of  the  semi- 
diameter of  the  earth,  there  is  an  immense  spheri- 
cal space,  which  is  only  filled  with  air;  and  as 
this  air,  from  the  state  of  its  condensation,  is  only 
about  4th  lighter  than  mercury,  equal  degrees  of 
heat  increase  its  elastic  force  so  much  more  than 
on  the  surface  of  the  earth,  that  if  the  tempera- 
ture of  boiling  water  be  applied,  it  will  be  more 
than  sufficient  to  convulse  and  break  up  the  super- 
incumbent strata. 

Such  were  the  hypotheses  which  were  employ- 
ed to  account  for  the  phenomena  of  earthquakes, 
pievious  to  the  middle  of  the  18th  century,  when 
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the  knowledge  of  electricity  began  to  be  culti- 
vated and  improved.  To  the  operations  of  this 
principle  the  phenomena  of  earthquakes  were  first 
ascribed  by  Dr  Stukeley,  who  wras  then  greatly 
occupied  with  electrical  experiments.  The  same 
opinion  was  afterwards  adopted,  with  various  mo- 
difications, by  Beccaria  and  Dr  Priestley.  At- 
tempts have  been  made  by  others  more  modern,  to 
account  for  the  tremendous  effects  of  eaithquakes, 
by  the  agency  of  the  vapour  of  water,  or  steam. 
But  perhaps  enough  has  been  said  on  a subject 
which  is  yet  involved  in  great  obscurity.  It  is 
by  no  means  improbable,  however,  that  the  phe- 
nomena of  earthquakes  may  depend  on  the  opeia- 
tion  of  more  than  one,  or  perhaps  of  all  the  causes 
to  which  their  effects  have  been  ascribed. 


SECT.  II. 

OF  VOLCANOES. 

Volcanoes  exist  in  all  climates  of  the  world. 
Hecla  in  Iceland,  and  a volcano  in  Terra  del 
Tuego,  which  terminates  the  southern  continent 
of  America,  are  situated  nearly  at  the  extremities 
of  the  globe.  The  number  of  volcanoes  is  nearly 
200.  The  European  volcanoes  are,  Vesuvius  in 
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Italy,  iEtna  in  Sicily,  those  of  the  Lipari  islands 
on  the  coast  of  Italy,  of  which  that  of  Stromboli 
is  remarkable  for  having  thrown  out  flames,  with- 
out the  ejection  of  other  matters,  for  more  than 
2000  years ; and  Hecla  in  Iceland.  There  is  one 
volcano  in  Mount  Taurus  in  Asia,  five  in  Kamt- 
schatka,  one  in  the  island  of  Ceylon,  ten  in  the 
islands  of  Japan,  four  in  Sumatra,  and  some  others 
in  different  parts  of  the  Asiatic  continent  or  islands. 
In  the  different  groups  of  African  islands,  as  the 
Azores,  the  Canary,  and  Cape  de  Verd  islands, 
there  are  also  several  volcanoes.  There  are  no 
fewer  than  50  in  the  extensive  continent  of  South 
America.  Volcanoes  have  been  long  known  in 
some  of  the  islands  of  the  West  Indies,  and  some 
have  also  been  discovered  in  the  islands . of  the 
Pacific  ocean. 

The  situation  of  the  greater  number  of  volca- 
noes is  in  the  immediate  vicinity  of  the  sea.  Vol- 
canoes always  occupy  the  tops  of  mountains.  No 
volcano  has  yet  been  discovered  in  plains.  The 
volcanoes  at  the  bottom  of  the  ocean  seem  to  be 
an  exception  to  this  general  remark ; but  these 
are  also  in  the  peaks  of  mountains,  which  have 
been  raised  up  from  the  bottom  of  the  ocean. 

Among  the  first  symptoms  of  the  approaching 
eruption  of  a volcano,  is  an  increase  or  com- 
mencement of  the  smoke  in  fair  weather.  The 
smoke,  which  is  at  first  a whitish  column,  changes 
in  the  middle  to  black  smoke.  Explosions  usually 
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accompany  those  appearances.  The  black  smoke 
is  then  followed  by  a reddish  coloured  flame ; 
showers  of  stones  with  ashes  are  ejected,  some  of 
which  rise  to  great  heights  in  the  air.  These 
phenomena  daily  increase  in  frequency  and  vio- 
lence, and  are  also  usually  preceded  or  accom- 
panied by  earthquakes  and  hollow  noises.  The 
increase  of  the  smoke,  flame,  stones,  and  ashes, 
is  continued,  when  at  last  the  stones  are  thrown 
out  red  hot. 

The  smoke  has  been  observed  to  be  sometimes 
in  a highly  electrified  state  ; flashes  of  lightning 
are  seen  darting  from  the  smoke  and  ashes,  some- 
times attended  with  thunder;  but  it  is  supposed 
that  the  thunder  and  lightning  are  less  intense 
than  atmospheric  electricity.  These  appearances 
continue  for  a longer  or  shorter  time,  as  for  four 
or  five  months,  according  to  the  nature  of  the 
eruption.  After  this  the  lava  begins  to  flow, 
which  is  a current  of  melted  matter,  thrown  out 
from  the  crater  at  the  top  of  the  mountain ; or, 
when  the  mountain  is  high,  as  in  the  case  of 
i£tna,  it  bursts  out  at  the  side,  making  a new 
passage  for  itself.  The  eruption  continues  to  flow, 
sometimes  for  a few  days,  and  sometimes  for  the 
space  of  several  weeks. 

It  is  a curious  circumstance  in  the  history  of 
volcanoes,  that  when  eruptions  have  begun,  they 
follow  each  other  in  rapid  succession;  at  other 
times  they  cease  to  flow  for  a great  length  of 
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time.  In  the  year  1447  iEtna  ceased  to  throw 
out  any  flame  till  the  year  1536,  when  a terrible 
eruption  happened,  accompanied  with  the  usual 
phenomena.  This  awful  conflagration  raged  with 
great  violence  for  many  weeks,  and  the  torrents  of 
flame  and  fused  matter  which  flowed  out,  laid 
towns,  villages,  and  vineyards,  to  a great  extent, 
in  ruins.  For  a century  after  this  period,  the 
eruptions  of  iEtna  returned  regularly  at  the 
end  of  25  and  30  years.  From  the  year  1686  to 
1755.  the  same  year  in  which  the  earthquake  at 
Lisbon  took  place,  iEtna  remained  for  more  than 
50  years  in  a state  of  profound  repose. 

The  first  remarkable  eruption  of  Vesuvius  which 
is  accurately  known,  happened  in  the  79th  year  of 
the  Christian  era.  By  this  eruption  the  cities  of 
Herculaneum  and  Pompeii  were  destroyed.  This, 
however,  was  not  the  first  eruption  of  that  moun- 
tain, for  it  appears  that  the  streets^of  these  cities 
are  paved  with  lava.  Volcanoes  become  some- 
times quite  .extinct,  and  are  afterwards  rekindled. 
Some  of  the  Roman  writers  speak  of  Vesuvius 
only  as  having  been  a volcano.  From  that  period 
it  continued  to  burn  for  1000  years,  and  became 
extinct  again  for  a period  of  nearly  400  years,  from 
some  time  after  the  beginning  ol  the'12th  century 
to  the  beginning  of  the  l6th.  Woods  were  growing 
on  the  sides  of  the  crater,  and  even  the  crater  it- 
self had  pools  of  water  collected  in  its  centre. 
Vesuvius  has  now  been  burning  for  three  cen- 
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turies  past,  and  particularly  during  the  18th  cen- 
tury. 

So  tar  as  the  history  of  submarine  volcanoes  is 
known,  excepting  in  situation,  they  resemble  the 
volcanoes  on  land.  They  also  exist  on  the  top  of 
mountains,  and  eject  immense  masses  of  burning 
matter,  with  ashes  and  pumice,  and  torrents  of 
lava.  Submarine  volcanoes  have  been  observed 
at  Santorin,  one  of  the  Greek  islands,  the  Azores, 
and  Iceland.  In  the  year  IG3S,  near  the  island 
of  St  Michael,  one  of  the  Azores,  or  Western 
Islands,  in  the  Atlantic  ocean,  an  island  about 
six  miles  round  arose,  after  an  agitation  of  several 
weeks,  in  a part  of  the  sea  which  was  formerly 
known  to  be  120  feet  deep;  and  in  the  course  of 
a few  weeks  it  was  again  swallowed  up.  The 
same  volcano  was  in  great  agitation  for  some 
weeks  in  the  year  1()C)1,  and  a great  quantity  of 
flames,  ashes,  *and  pumice,  was  thrown  out.  Si- 
milar eruptions  took  place  in  1720  and  1757. 

The  substances  which  are  ejected  from  vol- 
canoes are  ashes,  sand,  pouzzolana,  vitreous  mat- 
ters, tufa,  pumice,  and  lavas,  more  or  less  conso- 
lidated, The  ashe§,  sand,  and  pouzzolana  of  vol- 
canoes, are  in  a loose  state  of  aggregation.  The 
pouzzolana  is  a well  known  substance,  which  is 
employed  as  a cement  for  building  under  water, 
and  is  peculiarly  calculated  for  this  purpose,  in 
consequence  of  the  oxides  of  iron  and  manganese 
which  enter  into  its  composition.  Volcanic  glass 
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exists  either  in  globules  or  large  masses,  and 
sometimes  even  forms  entire  currents  like  lava. 
It  is  rarely  white  and  transparent,  but  most  fre- 
quently opaque  and  variously  coloured,  exhibit- 
ing all  the  characters  of  a true  enamel.  Some  of 
the  vitreous  matters  ejected  from  volcanoes  are 
of  a compact  texture,  and  others  are  so  porous  and 
light  as  to  swim  on  water.  In  the  cavities  are 
sometimes  found  capillary  filaments  perfectly  vi- 
trified. Some  remarkable  vitreous  filaments,  of  a 
yellowish  colour,  quite  flexible,  and  from  tw7o  to 
three  feet  in  length,  were  ejected  from  the  vol- 
cano in  the  isle  of  Bourbon  in  the  year  1791- 
They  were  so  light  as  to  be  carried  about  by  the 
winds,  and  some  fell  on  trees  at  the  distance  of 
ten  leagues.  Volcanic  tufa  is  supposed  to  be 
formed  from  the  ashes  being  mixed  with  water, 
thus  forming  a substance  which  is  thrown  out  in 
the  form  of  paste.  It  is  supposed  that  Her- 
culaneum was  covered  with  a torrent  of  this 
volcanic  matter.  Pumice-stone  is  a light  sub- 
stance,  of  a fibrous  texture,  silky  lustre,  and  whit- 
ish colour.  It  is  not  found  in  the  neighbourhood 
of  all  volcanoes,  but  some  volcanic  eruptions  seem 
to  have  been  entirely  composed  of  that  matter. 
Such  was  the  eruption  which  buried  the  city  of 
Pompeii.  It  must  be  observed,  however,  that 
pumice-stone  is  not  unfrequently  met  with  in 
places  where  no  volcano  ever  existed;  and  it 
seems  not  improbable,  that  some  of  the  pumice- 
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stone  described  by  naturalists  as  being  a volcanic 
production,  because  it  is  found  in  the  neighbour- 
hood of  volcanoes,  should  be  arranged  among  na- 
tural locks.  Such,  tor  instance,  are  the  currents 
ot  pumice-stone  observed  by  Dolomieu  in  the 
island  of  Li  pari. 

Lava  is  another  volcanic  production,  which  is 
thrown  out  in  a state  of  fusion,  either  from  the 
crater  itself,  or  from  fissures  or  openings  in  the 
side  of  the  mountain.  The  quantity  of  lava 
thrown  out  from  a volcano,  the  velocity  of  its 
progress,  and  the  distance  to  which  it  is  carried, 
vary  greatly,  according  to  the  violence  of  the 
eruption.  Sometimes  it  runs  slowly,  and  * some- 
times with  such  rapidity,  as  to  pass  over  the  space 
of  a league  in  the  course  of  an  hour.  Some  cur- 
rents of  lava  are  described  as  exending  8 or  10 
leagues  in  length,  and  a league  in  breadth. 

Lava  is  generally  of  a porous  nature,  and  often 
so  light  as  to  swim  on  water.  Sometimes,  how- 
ever, substances  which  are  described  as  lava,  are 
so  consolidated  as  to  be  susceptible  of  a consider- 
able polish ; but  I think  there  is  strong  reason  to 
suspect,  that  many  natural  rocks,  that  is,  rocks 
which  have  never  been  subjected  to  the  action  of 
volcanic  fires,  are  classed  by  naturalists  among 
volcanic  productions.  The  rocks  thus  considered 
as  lava,  seem  to  be  precisely  the  same  with  the 
whinstone  or  basaltic  rocks  of  this  country.  It  is 
true,  indeed,  many  of  the  French  naturalists, 
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among  whom  M.  Faujas  de  St  Fond  is  the  most 
distinguished,  regard  all  rocks  of  this  descrip- 
tion as  the  production  of  extinct  volcanoes.  That, 
however,  is  a controverted  point,  which  involves 
a very  different  discussion  ; but  it  may  be  asserted 
that  no  modern  volcano  has  ever  thrown  out  lava 
which,  by  cooling  slowly  or  suddenly  in  the  open 
atmosphere,  or  under  the  waters  of  the  ocean,  has 
assumed  the  regular  prismatic  form  of  the  basalt 
of  this  country.  The  proof  derived  from  the 
similarity  of  analysis  of  basalt  and  lava,  is  equally 
favourable  to  the  conclusion,  that  the  natural  rock 
of  basalt  in  which  the  volcano  exists,  has  been 
fused  by  heat,  and  converted  into  lava,  and  that 
the  lava  and  basalt  have  the  same  origin.  To 
those  who  are  attached  to  speculative  discussions 
of  this  nature,  this  point  will  afford  a curious  sub- 
ject of  investigation. 

Lava  sometimes  contains  imbedded  in  its  sub- 
stance entire  and  very  perfect  crystals  of  leucite, 
which,  it  is  supposed,  have  been  thrown  out 
among  the  lava,  unchanged  by  the  volcanic  fire. 
This  circumstance  has  given  rise  to  another  dis- 
cussion connected  with  volcanoes,  and  relative  to 
the  intensity  of  the  heat,  which,  according  to  some, 
is  not  very  great,  as  it  has  been  incapable  of  pro- 
ducing any  change  on  the  leucite  mentioned 
above,  the  crystals  of  which  have  frequently  all 
their  faces  and  angles  well  defined,  and  strongly 
marked, 
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Among  the  substances  ejected  from  volcanoes, 
water,  sometimes  cold,  and  sometimes  hot,  has  been 
frequently  thrown  out.  Eruptions  of  water  have 
happened  both  from  Vesuvius  and  .ZEtna,  and  at 
one  time  Vesuvius  threw  out  a quantity  of  salt 
water.  Sulphur,  sal  ammoniac,  and  arsenic,  have 

• r » 

been  also  enumerated  among  volcanic  produc- 
tions ; but  it  would  appear  that  these  substances 
are  slowly  sublimed,  and  deposited  in  the  cavities 
and  fissures,  when  the  volcano  may  be  considered 
rather  in  a state  of  repose.  » 

Volcanoes  of  a different  kind,  called  mud  vol- 
canoes, from  ejecting  a great  quantity  of  mud, 
have  been  described.  Many  of  the  phenomena 
of  those  volcanoes  are  similar  to  those  which  are 
accompanied  by  fiery  eruptions.  There  is  a vol- 
cano of  this  kind  in  the  island  of  Sicily,  situated 
in  a conical  hill,  truncated  at  the  top,  and  about 
150  feet  high.  Similar  phenomena  with  those  al- 
ready described,  precede  the  eruptions  of  this  vol- 
cano, after  which  there  is  ejected  a prodigious 
quantity  of  mud  mixed  with  stones,  some  of  which 
is  carried  to  the  height  of  200  or  300  feet.  A vol- 
cano of  the  same  kind  was  discovered  by  Pallas  in 
the  peninsula  of  the  Taurida,  which  forms  a part 
of  the  Russian  empire.  A very  copious  eruption 
of  this  volcano  took  place  in  1794. 

Some  of  the  volcanoes  of  South  America  come 
also  under  the  same  description  as  those  of  Coto- 
paxi and  some  others  in  the  Andes  of  Quito,  which 
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occasionally  discharge  enormous  quantities  of  ar- 
gillaceous mud.  But  the  most  extraordinary  cir- 
cumstance connected  with  these  volcanoes  is,  that 
fish  are  sometimes  ejected  along  with  the  other 
matters.  The  fish  are  thrown  out,  sometimes 
from  the  crater  at  the  top  of  the  mountain,  and 
sometimes  by  lateral  vents;  but  always  from 
places  which  are  2500  or  2600  fathoms  above  the 
level  of  the  sea.  It  is  even  said  that  some  of  the 
fish  were  found  still  living,  after  being  thrown 
out.  To  this  species  of  fish  Humboldt  has  given 
the  name  of  pimelodus  cyclopum  ; and  as  there  are 
few  of  them  found  in  the  rivers  in  the  vicinity 
above  ground,  he  conjectures  that  they  exist  in 
great  subterranean  lakes,  which  have  a commu- 
nication with  the  cavities  of  the  volcano  *. 

In  investigating  the  causes  of  volcanic  eruptions, 
various  conjectures  and  opinions  have  been  held  by 
philosophers.  By  some  they  have  been  ascribed  to 
the  action  ot  the  waters  of  the  ocean  bursting  in  upon 
an  immense  quantity  of  fused  or  burning  matter. 
Others  derive  their  origin  from  the  decomposition 
of  different  substances,  by  which  a great  quantity 
of  heat  and  inflammable  matters  is  produced, 
while  others  trace  their  causes  to  the  direct  action 
of  central  fires.  But  so  many  strong  objections 
may  be  made  to  each  of  these  opinions,  some  of 


* Phil.  Mag.  vol.  xxiv.  p.  333. 
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which  are  quite  obvious,  that  we  may  still  con- 
sider the  causes  of  volcanoes  involved  in  great 
obscurity,  and  conclude  with  Humboldt,  that 
“ notwithstanding  all  the  researches  that  have 
been  recently  made  on  volcanoes,  there  is  no- 
thing but  the  study  of  volcanic  productions  that 
has  made  any  progress.  As  to  the  nature  of  the 
combustibles  which  nourish  those  subtenanean 
fires,  and  the  mode  ol  action  of  those  fires  them- 
selves, I believe  that  all  persons  who  have  vi- 
sited the  borders  of  craters,  and  who  have  lived 
a long  time  in  the  vicinity  of  volcanoes,  will 
sincerely  allow  with  me,  that  we  are  still  very 
far  from  being  able  to  give  an  explication  which, 
without  being  contrary  to  the  principles  of  che- 
mistry and  of  physics,  could  account  for  the  great 
phenomena  which  volcanic  explosions  present 


* Phil.  Mag.  vol.  xxiv.  p.  338, 
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CHAP.  VI. 


OF  THEORIES  OF  THE  EARTH. 


A detailed  account  of  the  speculations  of  phi- 
losophers concerning  the  original  formation  of  the 
earth,  or  of  the  successive  changes  to  which  it 
has  been  subjected,  might  afford  some  amusement 
to  the  reader,  and  might  not  perhaps  be  altogether 
devoid  of  instruction,  as  it  would  exhibit,  in  a strik- 
ing light,  the  rashness,  folly,  and  presumption  of 
the  human  mind,  in  overleaping  the  bounds  of 
sober  investigation  and  calm  inquiry.  It  is  a 
more  difficult  task  to  examine  nature  herself,  to 
collect  and  to  arrange  facts,  and  to  estimate ’the 
conclusions  which  may  be  fairly  deduced  from 
them;  than  to  suppose,  with  Buffon,  that  the  earth 
was  a spark  separated  from  the  body  of  the  sun 
by  the  collision  of  a comet ; or  with  Burnet,  that 
the  antediluvian  state  of  the  earth  gave  place  to 
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the  present,  in  consequence  of  the  heat  of  the  sun 
producing  fissures  and  openings,  by  which  the 
•waters  of  a central  abyss  burst  forth  ; and  part  of 
the  surface  of  the  globe  having  fallen  in,  now 
shows  the  ruins  of  a former  world.  But  as  the 
prescribed  limits  of  this  work  are  nearly  occu- 
pied with  matter  which,  I trust,  will  be  deemed 
by  many  far  more  useful,  I shall  content  myself 
with  giving  a mere  outline  of  the  two  theories 
which  have  divided  the  opinions  of  some  of  the 
geologists  of  this  country,  and  indeed  have  ex- 
cited a good  deal  of  the  warmth,  and  some  de- 
gree of  the  asperity,  of  controversial  discussion. 
The  theories  alluded  to  are  those  of  Hutton  and 
Werner;  with  regard  to  which,  and  to  all  other 
theories  of  the  earth  that  have  been  hitherto  pro- 
posed, I cannot  avoid  expressing  a doubt,  whether 
that  advanced  state  of  physical  science,  which  it 
has  been  justly  remarked  by  one  theoretica 
writer  on  this  subject,  is  necessary  for  such  in- 
vestigations, be  yet  arrived ; and  indeed  the  un- 
settled state  of  the  facts  on  which  any  rational 
theory  can  be  founded,  is  a pretty  strong  proof 
that  this  period  is  not  yet  completed. 

TfeJ V The  objecr  of  H““"" 

not,  „ we  are  informed  by  his  biographer  *. 
to  explain  the  first  origin  of  things.  His  specu- 


* Mr  Playfair.  Edin.  Trans,  vol.  vv 
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lations  were  limited  to  those  changes  to  which 
terrestrial  bodies  have  been  subjected  since  the 
establishment  of  the  present  order. 

1.  The  first  general  fact  in  support  of  this  theory 
is,  that  the  greater  part  of  the  bodies  of  which  the 
exterior  crust  of  the  globe  is  composed,  exhibits 
the  marks  of  being  formed  out  of  the  materials  of 
mineral  or  organized  bodies  of  a more  ancient 
date ; and  although  the  spoils  of  an  older  world 
are  not  found  in  every  piece  of  rock,  yet  they 
are  every  where  visible  in  the  present  system, 
and  are  so  generally  diffused  as  to  leave  no  doubt 
that  the  strata  which  now  compose  the  present 
continents,  are  formed  out  of  more  ancient  strata. 

2.  The  second  general  fact  on  which  this  theory 
rests  is,  that  the  present  rocks,  excepting  such 
as  are  unstratified,  have  been  all  deposited  at  the 
bottom  of  the  sea ; and  having  been  collected  in 
the  form  of  loose  materials,  they  have  been  con- 
solidated by  some  powerful  and  general  agent. 
This  agent  is  supposed  to  be  subterranean  heat, 
and  it  is  said  that  the  author  or  the  theory  has  re- 
moved the  objections  to  this  assumption,  by  intro- 
ducing the  principle  of  compression,  which  must 
have  prevailed  in  that  region  where  the  consoli- 
dation of  mineral  bodies  was  effected ; for  it  is 
alleged,  that  under  the  weight  of  a superincum- 
bent ocean,  the  utmost  intensity  of  the  heat  is 
unable  to  volatilize  those  substances  which  at  the 
sui face,  and  merely  under  the  pressure  of  the  at- 
VoL-  n-  N n 
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mosphere,  are  entirely  consumed.  It  is  supposed 
also  that  the  same  degree  of  pressure,  by  torcing 
those  substances  to  remain  united,  which  at  the 
surface  are  easily  separated,  might  effect  the  fu- 
sion of  some  bodies  which  are  only  calcined  in 

our  fires. 

3.  The  third  general  argument  adduced  in  sup- 
port of  this  theory  is,  that  the  stratified  locks,  in- 
stead of  being  in  a horizontal  position,  as  it  is  sup- 
posed  they  were  originally,  are  now  observed  to 
be  placed  in  all  degrees  of  elevation,  and  some 
even  perpendicular  to  the  horizon  ; and  besides, 
many  of  the  strata  which  were  once  at  the  bot- 
tom of  the  sea,  are  now  raised  up  several  thou- 
sand feet  above  its  surface.  From  this  circum- 
stance, and  from  the  bendings,  the  fractures,  and 
separation  of  the  strata,  it  is  inferred  that  they 
have  been  elevated  by  means  of  some  expansive 
force  acting  under  them  ; a force  which  has  burst 
in  pieces  the  solid  pavement  on  which  the  ocean 
rests,  and  has  raised  up  rocks  from  the  bottom  of 
the  sea  into  mountains  15,000  feet  above  its  sur- 
face. Thus,  according  to  this  theory,  the  rocks 
were  first  consolidated  by  heat,  and  then  elevated 
by  the  same  agent  acting  with  an  expansive 

power.  . . 

4.  The  fourth  argument  in  support  of  this 

theory,  is  derived  from  the  disturbances  which 
abound  in  the  mineral  kingdom,  and  particularly, 
those  great  breaches  among  rocks  which  are  filled 
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With  materials  different  from  the  rock  on  either 
side.  Such  are  metallic  veins,  as  well  as  the 
veins  or  dykes  of  whinstone,  porphyry,  or  gra- 
nite. These  are  supposed  to  be  of  posterior  form- 
ation to  the  strata  which  they  intersect,  and  in 
general  carry  with  them  the  marks  of  violence 
with  which  they  have  been  introduced,  and  of 
the  disturbance  which  they  have  occasioned  in  the 
locks  already  formed.  According  to  the  view  of 
fh  Hutton,  the  materials  of  all  these  veins  have 
been  in  a state  of  fusion  by  means  of  subterrane- 
ous heat,  and  in  this  state  they  have  been  injected 
among  the  fissures  and  openings  of  rocks  already 
formed.  All  the  masses  of  whinstone,  porphyry, 
and  granite,  which  are  interposed  among  strata, 
or  raised  up  in  pyramids  through  the  midst  of  the 
strata,  are  supposed  to  have  been  in  a state  of  fu- 
sion ; and  thus,  in  the  fusion  and  injection  of  the 
unstratified  rocks,  consists  the  last  of  the  great  ope- 
rations of  subterraneous  heat  on  mineral  bodies. 

j.  The  nexi  part  of  this  theory  relates  to  the 
changes  to  which  mineral  bodies  are  subjected 
after  they  are  raised  into  the  atmosphere;  and 
according  to  it  they  are  all  going  to  decay  ; the 
hardest,  as  well  as  the  softest  bodies,  are  wasting, 
and  undergoing  a separation  of  their  parts ; and 
being  resolved  into  their  elements,  L carried 

down  by  the  rivers,  and  deposited  at  the.  bottom 
or  the  sea. 
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Tlu*  following  general  reflections  on  this  theory 
I shall  give  in  the  words  of  Dr  Hutton’s  biogra- 
pher : “ On  comparing,”  says  he,  “ the  first  and 
the  last  of  the  propositions  just  enumerated,  it  is 
impossible  not  to  perceive  that  they  are  two  steps 
of  the  same  progression,  and  that  mineral  sub- 
stances are  alternately  dissolved  and  renewed. 
These  vicissitudes  may  have  been  often  repeated 
and  there  are  not  wanting  remains  among  minera 
bodies  that  lead  us  back  to  continents  from  which 
the  present  are  the  third  in  succession.  Here  then 
we  have  a series  of  great  natural  revolutions  in  the 
condition  of  the  earth’s  surface,  of  which,  as  the 
author  of  this  theory  has  remarked,  we  neither  see 
the  beginning  nor  the  end  ; and  this  circumstance 
accords  well  with  what  is  known  concerning  other 
parts  of  the  economy  of  the  world.  In  the  con- 
tinuation of  the  different  species  of  animals  and 
vegetables  that  inhabit  the  earth,  we  discern 
neither  a beginning  nor  an  end ; and  m the  pla- 
netary motions,  where  geometry  has  carried  the 
eye  so  far  both  into  the  future  and  the  past,  we 
discover  no  mark  either  of  the  commencement 
or  termination  of  the  present  order.  It  is  unrea- 
sonable indeed  to  suppose,  that  such  marks  should 
any  where  exist.  The  Author  of  Nature  has  not 
.riven  laws  to  the  universe  which,  like  the  consti- 
tutions of  men,  carry  in  themselves  the  elements 
of  their  own  destruction ; he  has  not  permitted  in 
bis  works  any  symptom  of  infancy  or  ot  o age, 
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or  any  sign  by  which  we  may  estimate  either  their 
future  or  their  past  duration.  He  may  put  an  end, 
as  he  no  doubt  gave  a beginning,  to  the  present 
system,  at  some  determinate  period  of  time ; but 
we  may  rest  assured  that  this  great  catastrophe 
will  not  be  brought  about  by  the  laws  now  exist- 
ing, and  that  it  is  not  indicated  by  any  thing  which 
we  perceive.” 

Theorij  of  Werner. — This  theory  may  be  con- 
sidered as  the  reverse  of  the  preceding  ; for,  ac- 
cording to  it,  all  mineral  substances  have  been  in 
a state  of  solution  or  suspension  in  water.  Accord- 
ing to  this  theory,  all  rocks  are  divided  into  three 
great  classes,  primary,  transition,  and  secondary  ; 
and  it  is  supposed  that  the  characters  of  these  dif- 
ierent  classes  of  rocks  warrant  the  conclusion,  that 
they  have  been  formed  at  different  periods. 

1.  The  primitive  class  of  rocks  constitutes  not 
only  the  highest  parts  of  the  surface  of  the  earth, 
but  also  supports  all  other  rocks.  This  class  of  rocks 
is  characterised  by  being  in  a more  perfect  state  of 
crystallization  than  the  incumbent  rocks,  and  it  ex- 
hibits no  remains  of  animals  or  of  vegetables.  The 
inferences  deduced  from  these  circumstances  are, 
that  the  rocks  possessed  of  the  above  characters 
were  the  first  formed  ; that  they  are  to  be  con- 
sidered as  chemical  depositions ; and  that  they 
were  produced  before  the  existence  of  organized 
beings. 
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According  to  the  language  employed  in  this 
theory,  the  different  classes  of  rocks  are  composed 
of  a number  of  different  layers,  which  are  dis- 
tinguished  by  the  name  of  formations , and  these 
layers  or  formations  are  supposed  to  have  suc- 
ceeded each  other  in  a certain  determinate  order ; 
for,  from  the  observations  made  by  those  who 
have  adopted  the  theory,  they  are  found  in  the 

0 

same  relative  position  in  every  quarter  of  the 
globe.  They  are  also,  from  the  same  circum- 
stance,  denominated  universal  formations.  The 
water  which  held  in  solution  the  materials  of 


which  the  primitive  rocks  consist,  it  is  supposed, 
surrounded  the  whole  earth  to  a greater  height 
than  the  highest  mountains  of  the  globe.  From 
this  fluid,  successive  layers  or  depositions  of  va- 
rious degrees  of  thickness  were  produced ; and  as 
these  formations  took  place  by  a slow  and  gradual 
deposition,  they  are  now  characterised  by  a kind 
of  confused  crystallization. 

2.  After  the  formation  of  the  primitive  class  of 
rocks,  the  waters  holding  in  solution  the  other  ma- 
terials of  which  the  following  classes  of  rocks  are 
composed,  diminishedin  height;  theprimitive  rocks 
were  then  above  the  surface  of  the  water.  Part  of 
those  rocks  is  supposed  to  have  suffered  decay 
from  the  action  of  the  weather,  and  masses  were 

also  broken  off  by  the  agitation  of  the  waters ; 

; 

these  being  mixed  with  the  solution,  were  depo- 


sited along  with  the  next  class  of  rocks,  which  ex-* 

\ Ft  v 4 ' • » * • *■  * * • 
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liibits  the  characters  of  a deposition  partly  mecha- 
nical and  partly  crystalline.  Hence  it  is  inferred, 
that  this  class  of  rocks  being  incumbent  on  the 
primitive  rocks,  being  less  elevated,  and  of  a 
more  earthy  and  less  crystallized  structure,  was 
formed  in  the  circumstances  now  mentioned.  No 
remains  of  vegetables  or  of  land  animals,  it  is  said, 
have  been  found  in  this  class  of  rocks ; a few  in- 
dications only  of  marine  animals  have  been  ob- 
served : and  hence  it  is  inferred,  that  the  consoli- 
dation of  this  class  of  rocks  must  have  taken  place 
before  the  existence  of  vegetables  or  land  animals. 
The  formation  of  this  class  of  rocks  is  also  in  this 
theory  denominated  universal , and  they  have  re- 
ceived the  name  of  transition,  because  they  were 
formed  when  the  earth  was  passing  from  an  unin- 
habited to  an  inhabited  state, 

3.  As  the  rocks  thus  formed  were  more  and 
more  exposed  by  the  diminution  and  subsidence 
of  the  waters,  they  were  subjected  to  still  greater 
disintegration.  The  materials  thus  separated  were 
mixed  in  greater  abundance  with  that  part  of  the 
solution  remaining ; and  hence  mechanical  depo- 
sition became  more  prevalent,  and  chemical  de- 
position more  sparing.  The  characters  possessed 
by  the  next  class  of  rocks,  the  secondary,  are  sup- 
posed to  warrant  these  conclusions.  These  rocks 
are  disposed  in  horizontal  strata,  and  they  exhi- 
bit more  of  an  earthy,  and  less  of  a crystalline  ap- 
pearance, than  the  rocks  which  compose  the  pre. 
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ceding  classes.  This  class  of  rocks  is  particularly 
distinguished  by  a great  abundance  of  the  remains 
of  organic  beings.  The  formation  of  the  secondary 
class  of  rocks  is  also  supposed  to  have  been  uni- 
versal. 

The  strata  which  accompany  coal  are  deposited 
in  patches,  and  are  therefore  supposed  to  consti- 
tute only  a partial  formation ; and  hence  this  class 
of  rocks  is  distinguished  by  the  name  of  the  inde- 
pendent coal formation.  The  strata  of  which  this  class 
of  rocks  is  composed,  are  incumbent  on  the  transi- 
tion rocks. 

There  is  another  class  of  rocks  which,  accord- 
ing, to  the  theory,  was  produced  among  the  last 
of  the  series.  This  has  been  denominated  the 
floetz  trap  formation.  It  consists  of  basalt,  wacken, 
and  greenstone,  and  is  incumbent  on  all  other 
rocks.  The  rocks  belonging  to  this  formation 
now  exist  in  detached  masses  among  the  second- 
ary strata,  or  covering  some  of  the  transition  rocks, 
because  it  has  been  subjected  to  a greater  degree 
of  waste  and  decay  than  other  rocks. 

The  diversity  and  inequality  of  surface  which 
appear  on  the  earth,  are  accounted  for,  in  this 
theory,  from  the  different  degrees  of  durability  of 
different  rocks,  in  resisting  the  waste  and  decay 
which  are  continually  going  on.  Primitive  rocks 
possessing,  from  their  peculiarity  of  structure,  a 
greater  degree  of  hardness  and  cohesion,  appear 
to  be  the  most  durable.  The  present  arrange- 
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ment  and  position  of  the  various  strata  on  the  sur- 
face of  the  earth,  are  also  supposed  to  depend  on 
inequalities  of  the  nucleus  on  which  they  were 
originally  deposited. 

In  all  theories  of  the  earth,  the  formation  of 
mineral  veins  always  constitutes  a prominent  fea- 
ture. According  to  this  theory,  fissures  were  pro- 
duced alter  the  subsidence  of  the  waters,  by  the 
drying  and  shrinking  of  the  newly  formed  strata ; 
and  in  these  fissures  the  various  mineral  substances 
with  which  they  are  now  filled,  were  deposited 
from  solution  in  water.  And  as  those  veins  afford 
the  finest  examples  of  the  perfect  crystallization 
of  mineral  bodies,  this  circumstance  is  supposed  to 
arise  from  the  waters  holding  these  substances  in 
solution,  being  less  liable  to  agitation  than  during 
the  deposition  of  the  horizontal  strata. 

Those  who  wish  for  a more  detailed  account  of 
the  above  theories,  may  consult  Hutton’s  Theory  of 
the  Earth;  Playfair’s  Illustrations  of  the  Huttonian 
Theory;  Thomson’s  Chemistry,  vol.  iv. ; Murray’s 
Chemistry,  vol.  iv.;  Comparative  View  of  the  Nep- 
tunian and  Huttonian  Theories,  and  Journal  de  Phy- 
sique, tome  Iv. 
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Plate  I. 

Fig.  1.  is  a transverse  vertical  section  of  the 
strata,  containing  the  rock  salt  at  Wieliczka  in 
Poland  ; a represents  the  vegetable  soil,  2 fathoms 
thick ; b is  a sandy  clay,  5 fathoms ; c is  a very 
fine  sand  like  tripoli,  which  contains  carbonate 
of  lime,  as  it  effervesces  with  acids.  The  thick- 
ness of  this  stratum  is  31  fathoms,  d is  a stratum 
9 fathoms  thick,  composed  of  marl  with  sand  and 
loose  stones ; e,  a stratum  of  sandstone  about  6 
feet  thick  ; / is  a stratum  consisting  of  marl  mixed 
with  salt  in  small  particles  and  cubes.  It  is  in 
this  marl,  at  the  depth  of  20  fathoms,  that  the  rock 
salt  is  found  in  the  form  of  large  irregular  rocks 
or  masses,  which  are  represented  by  the  shaded 

parts  at  the  bottom  of  the  figure. 

Fig.  2.  is  a horizontal  section  of  a whin-dyke,  in 
which  a slip  or  separation  has  taken  place ; a a, 
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the  dyke ; b c,  d e,  the  slip,  which  is  exactly  equal 
to  the  thickness  of  the  dyke,  as  the  opposite  sides 
of  the  dyke  d c are  brought  into  the  same  line. 

Fig.  3.  shows  the  effect  of  whin-dykes  travers- 
ing coal  stiata  \ ci  b are  two  whin-dykes  which 
ti averse  the  stiatum  of  coal  c c c,  and  the  ac- 
companying strata,  which  are  represented  by  the 
different  shading  in  the  figure.  The  first  dyke  a 
throws  the  coal  from  d to  <?,  and  the  second  dyke 
again  depresses  the  coal  from  e to  d.  The  corres- 
ponding strata  between  the  two  dykes,  and  on  their 
opposite  sides,  are  seen  at  fff  and  at  ggg. 

Fig.  4.  & section  of  a mining  field,  showingm  wThat 
manner  the  veins  are  distributed ; a a , the  surface  ; 
b b b b,  veins  descending  from  the  surface  through 
the  horizontal  strata ; c c c c,  the  upper  or  hang- 
ing side  of  the  vein,  or,  as  it  is  called  simply,  the 
hanger;  d d d,  the  ledger  or  lying  side,  or  ledger; 
e ee,  the  vein  interrupted  and  shifted  \fff  the  vein 
dividing  into  strings  or  branches. 

fig.  5.  a section  of  a tin  vein ; a a,  the  surface; 
bbbb,  the  vein  of  tin  thrown  off  its  course  at  the 
points  c c c c,  by  the  dykes  ddcL  The  extent  of 
the  dislocation  is  in  proportion  to  the  magnitude 
of  the  dyke.  These  dykes  are  called  by  the 
Cornish  miners  Gossans  and  Flookans . 


Plate  II. 

iig.  6.  is  a section  of  the  singular  coal  strata  at 
Quarrelton  tn  Renfrewshire ; a a a is  the  surface, 
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which  in  many  places  exhibits  the  whinstone 
rock  c c c ],  b is  a small  patch  of  gravel  and  sand ; 
ddd  is  the  stratum  of  sandstone,  and  the  strata 
immediately  above  the  coal ; e e e,  the  coal  itself; 
fg  and  h i are  two  slips  or  dislocations  of  the  stra- 
ta, the  first  30,  and  the  other  50  feet ; k k are  pits 

or  shafts  sunk  to  the  coal. 

Fig.  7.  is  another  section  of  the  same  coal  field; 
aaa  is  the  surface ; b is  the  patch  of  gravel ; c c 
is  the  whinstone  covering  the  coal  strata ; d d dy 
the  sandstone  lying  above  the  coal ; e,  the  coal 
stratum,  where  it  seems  to  be  overlapped,  producing 
a thickness  of  not  less  than  60  or  70  feet  of  coal. 
Something  of  the  same  kind  appears  at  y" and  gr 
but  the  strata  have  not  come  into  contact ; they 
are  separated  by  a body  of  sandstone  at  m.  In 
sinking  the  shaft  k,  the  object  was  to  find  the  coal 
at  m ; but  in  passing  through  the  sandstone,  a 
very  unexpected  but  fortunate  discovery  of  a 
large  mass  of  coal  was  made  at  n . h i is  the 
same  hitch  or  slip  of  30  feet,  as  f g in  the  former 
section,  and  / is  the  same  shaft  as  k on  tne  left 

side  of  the  section  of  fig.  6. 

Fig.  8.  is  a section  of  a very  remarkable  distri- 
bution of  the  coal  strata  of  Anzin,  near  Valen- 
ciennes ; A B include  alternate  and  horizontal 
strata  of  chalk,  marl,  and  clay,  which  are  in- 
cumbent on  the  coal  strata;  a b c d e are  the 
strata  of  coal,  which  are  sometimes  nearly  m a 
vertical,  and  sometimes  nearly  in  a horizontal 
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position,  in  consequence  of  being  folded  upwards 
or  downwards,  as  may  be  seen  at  // ff  The 
same  letters,  it  is  to  be  observed,  represent  the 
same  strata  as  they  are  bent  upwards  or  down- 
wards, along  with  the  accompanying  strata  which 
follow  the  same  course,  as  may  be  seen  by  cast- 
ing the  eye  on  the  figure. 
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1 A 


Acanti^one,  ii.  89 
Agate,  ii.  93 

Accumulated  veins,  i.  288 
Actynolite,  glassy,  ii.  89  and  109  ] 

Adamantine  spar,  ii.  87 
Adhesive  slate,  ii.  101 
Adularia,  ii.  99 

./Etna,  crater  of,  centre  of  volcanic  ground,  ii.  S 

Aggregates,  or  compound  rocks,  ii.  1 39 

Alluvial  rocks,  ii.  166 

Alum  stone,  ii.  101 

Alum,  native,  ii.  116 

Alumina,  native,  ii.  100 

Aluminous  schistus,  ii.  102 

Amygdaloid,  a compound  rock,  ii.  157 

Animals,  distribution  of,  after  the  deluge,  i.  551 

Anglesey,  celebrated  for  its  copper  mines,  ii.  415 

Amber,  ii.  131 

Antimony,  ores  of,  ii.  475 

> repositories  of,  ii.  477 

, mines  of,  ii.  473 

~ ■,  in  Scotland,  ii.  479 
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Anzim,  coal  of,  ii.  339 

, distribution  of,  ii.  340 

Appendix,  ii.  69 

, object  of,  ii.  70 

Appendix,  introduction  to,  ii.  71 
Apatite,  ii.  112 

Argillaceous  rocks  of  Britain,  i.  390 

. genus,  ii.  100 

schistus,  distribution  of,  ii. 

Arendalite,  ii.  89 
Arragonite,  ii.  Ill 
Arsenic,  ores  of,  ii.  502 

, repositories  ot,  ii.  505 

Asbestus,  ii.  108 
Augite,  ii.  86 
Axinite,  ii.  89 

Ayrshire,  valuable  coal  of,  i.  199 

B 

Backs  interrupt  coal,  i.  26 
Ballycastle,  coal  of,  ii,  325 
Barytes,  carbonate  of,  ii.  113 

, sulphate  of,  ii.  114 

Barytic  genus,  ii.  113 

Basalt  forming  the  root  ot  coal,  i.  66 

abundant  in  Scotland,  i.  412. 

columnar,  of  Giant’s  Causeway, 

of  Arthur’s  Seat,  ibid. 

of  the  isle  of  Egg,  ibid. 

of  Staffa,  ibid,  and  ii.  104 

Bassetting  of  coal,  what,  i.  4 
Bearing  of  the  strata,  i.  6 

longitudinal  line  ot,  ibid. 
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Bituminous  genus,  ii.  129 
Blaes,  the  roof  of  coal,  i.  72 
Blind  coal,  i.  181 

Ben  Nevis,  chiefly  composed  of  porphyry,  i.  409 

, height  of,  ii.  76 

Beryl,  ii.  88 
— — , schorlous,  ii.  89 
Bismuth,  ores  of,  ii.  481 

, repositories  and  mines  of,  ii.  482 

Bituminous  schistus,  ii.  102 
Bloodstone,  ii.  95 
Bole,  ii.  106 
Borax,  ii.  118 

Boring  for  coal,  uncertainty  of,  ii.  352 

— , anecdote  of,  ii.  353 

» new  apparatus  for,  ii.  353 
Bovey  coal,  ii.  297 

j origin  of,  ii.  301 

Breccia,  varieties  of,  i.  421 

Britain,  coal  of,  not  inexhaustible,  i.  185 

' , first  discovered,  ibid. 

, prevailing  rocks  in,  i.  390 — 425 

Brown  spar,  ii.  Ill 

Brydone  deduces  the  high  antiquity  of  the  world  from  the 
strata  of  lava,  ii.  60 

, his  conclusion  erroneous,  ii.  63 

Buffon,  his  system  examined  and  compared,  i,  449—467 
Boulogne,  coal  of,  ii.  335 


C 


Caking  coal,  i.  17£ 
Calcareous  genus,  ii.  log 
Calcedony,  ii.  92 
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Cardona,  a mountain  of  rock  salt  in  Spain,  ii.  1% 

Cannel  coal,  i.  180 

Cape  Breton,  coal  of,  i.  200 

— — , importance  of,  i.  205 

Capillary  salt,  ii.  116 
Carnelian,  ii.  93 

Castleod,  coal  found  in  veins  at,  i.  166 

Cat’s  eye,  ii.  96 

Celestine,  ii.  115 

Cerium,  ores  of,  ii.  525 

Ceylanite,  ii.  87 

Chalk,  ii.  110 

, distribution  of,  ii.  206 

, extent  of,  in  England,  ii.  207 

. , compound  rock,  ii.  161 

Cherry  coal,  i.  177 
Cheshire,  salt  mines  of,  ii.  204 — 225 
Chimborazo,  height  of,  ii.  76 
China,  coal  of,  ii.  342 
early  known  in,  i.  189 

Chlorite,  ii.  103 
Chromium,  ores  of,  ii.  520 
Chrysoberyl,  ii.  85 
Chrysolite,  ibid. 

Chrysoprase,  ii.  95 
Clay,  common,  ii.  101 

, schistus,  ii.  102 

Clink-stone,  ii.  105 

Coal,  species  of,  ii.  131 — 138 

, strata  regularly  arranged,  i.  1 

} less  regular  near  the  surface,  i.  3 

. run  parallel  and  regular,  i.  6 

t roof  and  pavement  of,  i.  7 

_ importance  of  the  knowledge  of,  i.  8 

— , derangement  of,  i.  9 

— j troubles  in,  i.  10 
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Coal  metals,  i.  12 

*  , method  of  discovering,  when  cut  off  by  a slip  or  dyke, 

i.  11 

■■■'  , cut  oft’ by  a vein  of  lead,  i.  26  j 

*  , sections  of,  examined,  i.  38-i-43 

, of  the  same  thickness,  i.  58 

— , various  inclinations  of,  i.  84 

- ■ , waving  of,  i.  8G 

*  , wheeling  of,  i.  87 

*  , ridge  in,  i.  89 

, not  parallel  to  the  surface,  i.  95 

, extent  of,  i.  109 

*  , do  not  sink  under  the  mountains,  i.  114 

— — , not  inexhaustible,  i.  132 

, indications  of,  i.  133 — 159 

, origin  of,  ibid. 

, in  veins,  i.  165,  and  ii.  225 

, different  kinds  of,  i.  175 — 183 

- — of  Britain  limited,  i.  184 — 200 

*  ■— , by  no  means  inexhaustible,  i.  185 

— importance  of,  to  manufactories,  i.  195 
, formed  of  wood,  i.  509 

, antediluvian  peat,  i.  512 

, general  observations  on,  ii,  241 259 

, enumeration  of  strata  accompanying,  ii*  216 

, of  Northumberland,  ii.  260 

, history  of,  ibid, 

— — of  Derbyshire,  ii.  279 

of  Whitehaven,  ii.  269 

of  Staffordshire,  ii.  275 

of  Gloucestershire,  ii.  283 

*  of  Shropshire,  ii.  284 

of  South  Wales,  ii.  291 

Bovey,  ii.  297 

'**— — of  Scotland,  ii.  302 
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Coal  of  Hurlet,  ii.  315 
■ ...  — , productions  of,  ibid. 

- - alum  manufactured  at,  ii.  31 1 

— copperas  manufactured  at,  ibid* 

* of  Quarrelton,  ii.  319 

of  Riccarton,  ii.  321 

of  Ireland,  ii.  323 

of  France,  ii.  329 

....  ■-  of  Boulogne,  ii.  335 
- of  Jemappe,  ii.  338 

of  Anzin,  ii.  339 

9 irregular  distribution  ot,  ii.  34(3 

of  other  countries,  ii.  341 

North  America,  ii.  344 

New  South  Wales,  ibid. 

Coalcleugh,  lead  found  in  the  coal  strata  of,  i.  26 
Coalbrookdale,  a coal  district,  ii.  285 
Cobalt,  ores  of,  ii.  484 

. 9 repositories  ol,  ii.  486 

, mines  of,  ii.  487 

Coccolite,  ii.  85 
Columbium,  ores  of,  ii.  522 
Combustibles,  class  of,  ii.  119 
Compound  minerals,  ii.  139 
Continents,  extent  of,  i.  542 
Copper  ores,  varieties  of,  ii.  408 

- mines  in  Scotland,  i.  365 — 373 

__ , ores  of,  ii.  407 

„ 9 repositories  of,  ii.  412 

minpg  of,  ii.  413 

. , in  Britain,  ibid. 

— Scotland,  ii.  421 

Ireland,  ii.  41^) 

— France,  ii.  422 

- Spain,  ibid. 

Germany,  ii.  423 
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Copper,  mines  of,  in  Hungary,  ii.  424 

Sweden,  ii.  425 

- — Siberia,  ii.  427 

Africa,  ii.  429 

, America,  ii.  430 

Cornwall,  copper  mines  of,  413 
Corundum,  ii.  87 

Cremnitz,  celebrated  mines  of,  ii.  394 
Craw  coal,  nature  of,  i.  62 

- , cautions  relative  to,  ibid. 

Cryolite,  ii.  119 
Crop  of  coal,  i.  4 
Cross  stone,  ii.  98 
Cube  spar,  ii.  113 
Cubizite,  ii.  98 
Culm  coal,  i.  181 
Cyanite,  ii.  108 


D 


Datholite,  ii.  113 
Deluge,  universal,  proofs  of,  i.  508 
Density  of  the  earth,  ii.  74 
Derbyshire,  coal  of,  ii.  279 
Diamond  genus,  ii.  119 

, localities  of,  ibid. 

, mines  of,  ii.  120 — 123 

, remarkable,  ii.  124 

, prices  of,  ibid. 

, constituents  of,  ii.  125 

Dogger  bands  the  roof  of  coal,  i.  70 
Dolomite,  ii.  Ill 
Drawing  slate,  ii.  102 
Drum  glass,  coal  of,  ii,  324 
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Dykes,  coal  interrupted  by,  i.  1 28 

, of  various  kinds,  ibid. 

, near  St  Bernard’s  well,  i.  45 

large  one  at  Cockenzie,  i.  46 

E 

Earth,  figure  of,  ii.  71 
density  of,  ii.  74 

— — — , unequal  surface  of,  ii.  75 

— ...  ■ , proportion  of  land  and  water  on,  ii.  76  » 

■ how  ascertained,  ii.  77 

— — , theories  of,  ii.  559 

Earthquakes,  particular  regions  subject  to,  ii.  528 

■ . frequent  in  volcanic  countries,  ii.  529 

, noises  attending  the  shocks  of,  ii.  53Q 

, effects  of,  on  the  earth,  ibid, 

- on  the  ocean,  ii.  531 

in  Calabria,  ii.  532 

. . — * — in  Sicily,  ii.  533 

in  Jamaica,  ibid. 

. — at  Lisbon,  ii.  535 

, felt  in  different  parts  of  the  world,  ii.  538 

, speculations  on,  ii.  544 

. their  causes,  ji.  546 

Earths  and  stones,  characters  of,  ii.  84 

Ecton  copper  mines,  ii.  415 

Edge-coal,  seams  of,  Midlothian,  i.  101 

Emerald,  ii.  88 

Emery,  ii.  87 

Epsom  salt,  native,  ii.  117 

Euclase,  ii.  88 


INDEX 


533 


t 


F 


Feldspar,  ii.  99 

— — , , common,  ibid. 

..  — , compact,  ii.  100 

Fields  of  coal,  extent  of,  i.  109 
Figure  of  the  earth,  ii.  7 1 
Fishes  thrown  out  of  volcanoes,  ii.  537 
Flat  veins,  i.  282 
Flint,  ii.  92 

Flints,  distribution  of,  ibid. 

Float  ore,  repository  of,  L 305 
Fluor  spar,  ii.  112 
France,  coal  of,  ii.  329 
Freestone,  the  roof  of  coal,  i.  69 
Fuel,  volcanic,  limits  of,  ii.  1 1 

, to  be  avoided  for  safety,  ii.  12 

Fuller’s  earth,  ii.  106 

G 

Gall  interrupts  coal  strata,  i.  32 
Garnet,  ii.  86 

, black,  ibid. 

— , Bohemian,  ibid. 

Gash  interrupts  coal  strata,  i.  32 
Geology  connected  with  mineralogy,  ii.  81 
Giant’s  Causeway  in  Ireland,  of  columnar  basalt,  i.  414 
Glauber  salt,  native,  ii.  1 1 7. 

Globe,  changes  on  the  surface  of,  i.  544 
Gloucestershire,  coal  of,  ii.  283 
Gneiss,  ii.  147 

, distribution  of,  ii.  173 
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Gold,  ores  of,  ii.  359 

— , repositories  of,  ibid. 

* in  Scotland,  ii.  3 64 

— , Ireland,  ii.  366 

* * » — France,  ii.  367 

Spain  and  Portugal,  ii.  3 68 

' — ■ - Asia,  ii.  369 

•" — Africa,  ibid. 

— America,  .ii.  370 

quantity  obtained  from  the  Old  and  New  World,  ii.  374. 

Gourock,  copper  ores  found  at,  ii.  419 
Granite,  varieties  of,  ii,  141 

> Egyptian,  ibid. 

, Corsican,  ii.  145 

, distribution  of,  ii.  171 

—  , rocks  of  Britain,  i.  394 

, graphic,  ii.  145 

Graphite,  ii.  134 

, mines  of,  ii,  135 — 137 

Gravel,  found  near  mountains,  i.  485 

— in  Scotland,  i.  486 

Gray  feaks,  the  roof  of  coal,  i.  79 
Gray  wacken  a secondary  rock,  ii.  156 
Green  earth,  ii.  105 
Greenstone,  primitive,  ii.  150 

, secondary,  ji.  161 

Grenatite,  ii.  86 
Gypsum,  ii.  112 

, primitive,  ii.  154 

, secondary,  ii.  161 

, distribution  of,  ii.  195 

H 

' ^ * . . 

Hading  side  of  a vein,  i.  223 
Flanging  side  of  a vein,  ibid* 
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Heavy  spar,  ii.  114 
Heliotrope,  ii.  95 
Hirst  in  coal  strata,  i.  90 
Hitches,  nature  of,  i.  26 
Halbeath,  colliery  of,  i.  131 
Hollow  spar,  ii.  100 
Honey  stone,  ii.  131 
Hornblende,  ii.  104 
Horizontal  seams  of  coal,  i.  101 
Hornstone,  ii.  91 

Humboldt,  opinion  on  the  causes  of  volcanoes  being  little 
known,  ii.  558 
Hurlet,  coal  field  of,  ii.  315 

, alum  and  copperas  manufactured  at,  ii.  317 

Hushing,  operation  of,  i.  313 
Hutton,  theory  of,  ii.  560 
Hyacinth,  ii.  84? 

Hydrargillite,  ii.  99 


I 


Jade,  ii.  107 

Jasper,  serpentine,  of  Portsoy  so  denominated,  i.  408,  and  ii.  94- 

, Egyptian,  ii.  94 

, striped,  ibid. 

, porcelain,  ibid. 

, common,  ii.  95 

, agate,  ibid. 

, opal,  ibid. 

— , white,  ibid, 

Iceland  agate,  ii.  96 
Jet  coal,  i.  182 
Jemappe,  coal  of,  ii.  338 
Indications  of  coal,  i.  133—159 
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Ireland,  coal  of,  ii.  323 

jj  , • * : j ’ 

, copper  mines  of,  ii.  421 

Iridium,  ii.  359 

Iron  ores,  mines  of,  in  Britain  and  other  countries,  ii.  437 

Scotland,  i.  373 

— — — — — r species  of,  i.  376 
, ores  of,  remarkable,  ii.  431 

— , native  masses  of,  ibid. 

— — , repositories  of,  ii.  435 

Islay,  mining  field  of,  in  limestone,  i.  270 

, description  of,  incorrect,  i.  271  (Note) 

, remarkable  for  whin-dykes,  i.  272 


K 

Kaolin  found  in  Loch  Doon,  i.  399 
Kilkenny,  coal  of,  ii.  326 


L 


Labradore  stone,  ii.  99 
Land,  proportion  of,  on  the  earth,  ii.  76 
Lava,  ii.  105 
Lazulite,  ii.  99 

Leadhills,  rich  vein  of  ore  at,  i.  250 
Lead  ores,  different  kinds  of,  i.  347 
■ -,  history  of,  ii.  441 

- , repositories  of,  ii.  445 

■— , mines  of,  ii.  446 

, antiquity  of,  in  Britain,  ibid. 

Ledger  side  of  a vein,  i.  223 
Lepidolite,  ii.  103 
Leucite,  ii.  86 
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Lignite,  ii.  133 

Lime-stone,  the  roof  of  coal,  i.  68 

of  Britain,  i.  402 

compact,  ii.  110 

primitive,  ii.  149 

secondary,  ii.  155 

stratified,  ii.  160 

— distribution  of,  ii.  179 

Lahore,  a mountain  of  rock-salt  in  Hindostan,  ii.  196 
Lithomarga,  ii.  105 
Llangunog,  remarkable  vein  at,  i.  228 
thickness  of,-i,  249 

Loch  Doon,  kaolin  found  in,  i.  399 
Lydian  stone,  ii.  91 

M 

Magnesia,  native,  ii.  106 
Magnesian  genus,  ibid. 

„ limestone,  ii.  181 

employed  in  building,  ii.  182 

Magnitude  of  the  earth,  ii.  71 
Manganese,  ores  of,  ii.  494 

repositories  of,  ii.  497 

mines  of,  ibid. 

Manufactures  depend  on  coal,  i.  195 

Marbles  of  Britain,  i.  405 

Marl,  ii.  Ill 

Mellite,  ii.  131 

Menilite,  ii.  94 

Mercury,  ores  of,  ii.  375 

< — repositories  of,  ii.  377 

mines  of,  ii.  378 

, „ in  France,  ii.  379 
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Mercury,  mines  of,  in  Spain,  ii.  379 

— . — — — — Germany,  ii.  384? 

Italy,  ii.  385 

— — Transylvania,  ibid. 

. Asia,  ii.  386 

— America,  ibid. 

Metals  of  coal,  i.  12 
repositories  of,  i.  221 

supposed  to  have  existed  originally  in  a state  of  purity, 

i.  543 

proofs  of,  i.  547 

Metallic  ores  in  sdlid  rock,  i.  300 
« veins,  history  of,  ii.  226 

~ — , not  very  extensive,  ii.  228 

, less  productive  in  going  downwards,  ii.  229 

. - - — , less  rich  in  particular  rocks,  ii.  230 

— , dislocation  of,  ii.  233 

, strings  or  branches  of,  ii.  234 

, contents  of,  ii.  237 

, diversity  of  materials,  239 

Metocric  stones,  description  of,  ii.  431 

, , supposed  origin  of,  ii.  432 

Mexico,  rich  silver  mines  of,  ii.  406 
Mica,  ii.  103 

Micaceous  mountain  rock  of  Britain,  i.  412 

schistus,  ii.  174 

Midlothian,  edge-coal  seams  in,  i.  101 
extent  of  coal  field,  i.  118 

Mineral  veins,  i.  221 — 292 

. accidents  of,  i.  292 

symptoms  of,  i.  318— 346 

Mineralogy,  object  of,  ii.  81 
Minerals,  origin  of,  i.  545 

constituent  parts  of,  ii.  78 

- — — - enumerated,  ii.  79 
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Minerals,  usually  in  a state  of  combination,  ii.  80 

simple,  division  of,  ii.  83 

Miners,  language  of,  explained,  ii.  232 
Mines  of  coal,  method  of  destroying  fire  damp  in,  ii.  272 
- of  removing  choak  damp,  ii.  274 

Molybdena,  ores  of,  ii.  509 

repositories  of,  ii.  510 

Mont  Blanc,  height  of,  ii.  76 
Mountains,  history  of,  i.  468 

. . structure  of,  i.  469 

. — original  formation  of,  i.  473 

external  phenomena  of,  i.  480 

, excavations  of,  ibid. 

- ranges  of,  i.  538 

height  of,  on  the  globe,  ii.  76 

Mountain  butter,  ii.  116 
Mull,  isle  of,  coal  in,  i.  1 68 

N 


Natrolite,  ii.  98 

Nature  liable  to  change,  i.  553 

Nephrite,  ii.  107 

Newcastle,  coal  of,  exported  to  London,  i.  190,  and  ii.  260 

working  and  trade  of,  ii.  262 

- begun  very  early,  ibid, 

extent  of,  at  present,  ii.  265 

Newfoundland,  coal  of,  i.  203 

Newton,  his  conjecture  concerning  the  diamond,  ii.  125 

New  South  Wales,  coal  of,  ii,  344 

Nickel,  ores  of,  iL  492  + 

— repositories  of,  ii.  493 

Nitre,  ii.  117 
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o 

Olivixe,  ii.  S5 
Opal,  ii.  93 

Ores,  metallic,  repositories  of*  i.  300 
Origin  of  coal,  i.  159 
Osmium,  ii.  359 
Outburst  of  coal,  what,  i.  4 


P 


Palladium,  ii.  359 

Parys  mountain,  a famous  copper  mine,  ii.  415 

Parrot  coal,  i.  180 

Partial  veins,  i.  269 — 277 

Pearl  stone,  ii.  97 

Peat,  coal  formed  from,  i.  512 

bogs,  increase  of,  i.  517 

Petroleum,  ii.  130 

necessary  to  keep  up  volcanic  combustion,  if,  34 

Petuntse,  found  in  Britain,  i.  397 

Pistazite,  ii.  89 

Phonolite,  ii.  105 

Pipe  veins,  i.  278 

Pitch  mineral,  ii.  1 30 

stone,  ii.  96 

Plasma,  ii.  96 
Platina,  ores  of,  ii.  358 
Plumb-pudding  rock,  i.  421 
Plumbago.  See  Graphite. 

Porcelain  earth,  ii.  100 
Porphyry,  a compound  rock,  ii.  151 

of  Ben  Nevis,  a beautiful  stone,  L 409 

— — distribution  of,  ii.  190 
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Potosi  famous  for  its  silver  mines,  ii.  405 

Potstone,  ii.  103 

Potter’s  ore,  i.  347 

Portland  stone,  history  of,  ii.  182 

: first  used  in  building,  ii.  183 

Prase,  ii.  91 
Prehnite,  ii.  97 

Primitive  rocks,  class  of,  ii.  140 
Pumice,  ii.  97 

Pyrites,  decomposition  of,  a cause  of  volcanoes,  ii.  32 
Pyrope,  ii.  86 


Q 

Quarrelton,  coal  of,  ii.  319 

a singular  mass,  ibid. 

Quartz,  a primitive  rock,  ii.  153 

_____  — a component  part  of  rocks,  i.  497 

__ — confounded  with  feldspar,  (Note)  i.  498 

„ a simple  mineral,  ii.  90 

. — — milk,  ibid. 

ferruginous,  ii.  91 

distribution  of,  ii.  192 

Quartzy  mountain  rock,  or  granular  quartz,  rare  in  Britain 
i.  422 

R 

Rake  vein,  nature  and  description  of,  i.  222-— 234 

irregular,  i.  254 

Rhodium,  ii.  359 

1 . t . 

Riccarton,  coal  of,  ii.  321  * • 

— remarkable  bed,  ibid. 

■■■■■— — — supposed  origin  of  this  coal,  ii.  32.3 
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Rider  of  a vein,  i.  362 
Ridge  in  coal  strata,  i.  89 
Rock  salt,  ii.  117 
■ ■ - strata  of,  ii.  162 

■■  - ■ distribution  of,  ii.  196 

- . mines  of,  ii.  197 — 206 

Rocks,  composition  of,  i.  495 
Roe-stone,  a variety  of  limestone,  ii.  182 
Roofs  of  coal,  of  different  kinds,  i.  65 
Rough  coal,  i.  177 

Ryan,  his  improved  apparatus  for  boring,  ii.  353 
■ ...  ■■  recommendations  of,  ii.  355 


/ 

S 

Salisbury  craigs,  fine  section  of  the  strata,  i.  44 

Salts,  class  of,  ii.  115 

Sal  Ammoniac,  native,  ii.  118 

Sandstone,  a compound  rock,  ii.  159 

- distribution  of,  ii.  193 

Sapphire,  ii.  87 

Schenmitz,  celebrated  mines  of,  ii.  394 
Schillerstone,  ii.  107 
Schistus  siliceous,  ii.  91 

micaceous,  ii.  148 

argillaceous,  ibid. 

Schorl,  a component  part  of  rock,  i.  502 
Schorlite,  ii.  89 

Scot,  Mr,  apparatus  for  boring,  ii.  356 
Scotland,  coal  of,  ii.  302 

extent  of,  ibid. 

- first  discovery  of  coal  in,  i.  187—189 

Sea  froth,  ii.  106 

Searching  for  coal,  observations  on,  ii.  346 
Selenite,  ii.  113 
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Secondary  rocks,  class  of,  ii.  i 54 
Selenite,  ii.  113 
Serpentine,  ii.  107 

, a compound  rock,  ii.  151 

distribution  of,  ii.  188 

Shakes,  disturbances  in  coal  strata,  i,  35 — 37 
Shetland,  copper  mines  of,  ii.  4' 19 
Shiller  stone,  ii.  107 
Shoad  ore,  i.  306 
Shropshire,  coal  of,  ii.  284* 

Siliceous  genus,  ii.  85 — 100 

—  schistus,  ii.  91,  154* 

Silver,  ores  of,  ii.  387 

repositories  of,  ii.  390 

mines  ofj  ii.  391 

—  in  Britain,  ibid. 

. — - — France,  ii.  392 

. Spain,  ii.  393 

, — Germany,  ibid. 

— — Hungary,  ii.  394* 

Bohemia,  ii.  397 

Sweden,  ii.  403 

. Norway,  ibid. 

Siberia,  ii.  404 

— America,  ii.  405 

Skews,  interrupt  coal,  i.  26 
Slips  of  the  strata,  i.  1 1 

parallel,  i.  14 

oblique,  i.  16 

— — direct,  ibid. 

advantage  of,  in  mining,  i.  19 

Smaragdite,  ii.  109 
Soda,  native,  ii.  118 
South  Wales,  coal  of,  ii.  291 
Sow’s  back  in  coal  strata,  i.  90 
VpL.  II.  P p 
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hM  4 

Spar,  adamantine,  ii.  87 

- hitter,  ii.  Ill 

brown,  ibid. 

Spain,  salt  mines  of,  ii.  203 

Spinelle,  ii.  87 

Splent  coal,  i.  179 

Staffordshire,  coal  of,  ii.  275 — 279 

Steatites,  ii.  106 

Steel  grain  lead  ore,  i.  349 

Stone  coal,  i.  178 

Strata,  sections  of,  in  the  water  of  Leith,  i.  47 
near  Midcalder,  ibid. 

•  on  the  river  Clyde,  i.  48 

on  the  shores  of  Galloway,  i.  49 

different  sections  of,  i.  51 

appearances  of,  on  the  surface  of  the  globe, 

- — formation  of,  i.  431 
inequalities  of,  accounted  for,  i.  433 

*  a difficult  subject,  i.  442 

Stratification,  three  classes  of,  i.  55 

of  the  surface  of  the  globe,  i.  425 

Strings,  a kind  of  mineral  vain,  i.  269 
Str'ontian  genus,  ii.  114 

Strontites,  ii.  115 

Sulphur,  ii.  127 

Swine  stone,  ii.  Ill 

Syenite,  a compound  rock,  ii.  152 

— — distribution  of,  ii.  191 

sy  stem  of  Buffon  Examined,  i.  449 


T 

Talc,  a component  part  of  rocks,  i.  495,  and  ii.  107 
Tantalium,  ores  of,  ii.  524 
Tellurium,  ores  of,  ii.  518 


INDEX. 


595 


Tellurium,  repositories  of,  ii.  520 
Theories  of  the  earth,  ii.  559 
Theory  of  Hutton,  ii,  560 

of  Werner,  if.  565 

Thumerstone,  ii.  89 

Tibet,  mountains  of,  of  immense  height,  ii.  76 
Tides,  diluvian,  effects  of,  i.  528 

on.  mountains,  ibid. 

in  the  Gulf  of  Mexico,  i.  530 

resisted  by  hard  rock,  i.  536 

Tin,  ores  of,  ii.  456 

repositories  of,  ii.  458 

mines  of,  ibid. 

Titanium,  ores  of,  ii.  513 

— repositories  of,  ii.  315 

Topaz,  ii.  88 

rock,  ii.  153 

Trap,  primitive,  ii.  149 

secondary,  ii.  157 

stratified,  ii.  163 

distribution  of,  ii.  185 

Tremolite,  ii.  109 
Tripoli,  ii.  101 
Troubles  in  coal  strata,  i.  10 
Troughs  in  coal  strata,  i.  90 
Tufa,  formation  of,  ii~43 

in  volcanic  cavities,  ii.  53 

Tungsten,  ores  of,  ii.  511 

* repositories  of,  ii.  512 

Tyrol,  salt  mines  of,  ii.  201 


I 


Uranium,  ores  of,  ii.  516 
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Vcrss,  mineral,  i.  221 — 292 
substances  found  in,  i.  235 — 254 

—  partial,  L 270 

Veinstone- described,  i.  236 
Vesuvian,  ii.  86 

Vitriol,  native,  iL  1 16 
V olcanic  ground,  line  of,  ii.  2i 
Volcanoes,  causes  of  obscure,  ii.  2 

■ — - fuel  of,  in  veins,  ii.  5 

action  of,  ii.  16 

errors  concerning,  ii.  39 

number  of,  ii.  54H 

. symptoms  of  an  eruption  of,  ii.  319 

— — submarine,  ii.  552 

productions  ot,  ibid. 

mud,  ii.  556  . . 

American,  throw  out  fishes,  ii.  557 

-  conjectures  of  their  causes,  ibid. 


W 


Wackest,  ii.  105 

a secondary  rock,  ii.  156 

— distribution  of,  ii.  192 

Wales,  South,  coal  of,  ii.  199 
Wanlockhead,  mines  of,  ii.  451  ; 

Water,  proportion  of,  on  the  earth,  ii.  *6 
Werner,  theory  of,  ii.  565 
Whet  slate,  ii.  102 
Whin  dykes,  names  of,  ii-  209 
course  of,  ii.  210 
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